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APPENDIX A
COMPONENT MODEL SOFTWARE

Softwure models of the J85 engine are presented in this appendix. Two com-
puter programs are discussed:

° Linearization

e Nonlinear engine simulation

Fortran listings of the two programs are presented in Tables A-1* and A -2,
Both programs weie written for the SDS-9300 computer,

The linearization program, discussed in the first part of this appendix, was
used to generate linear engine models for the synthesis of linear optimal
controllers reported in Section IV of Volume I,

The nonlinear engine simulation package is discussed in the second half of
this appendix. This computer program is basically a Fortran version of the
J85 NASA component model of Reference A-1.

LINEARIZATION PROGRAM

The function of this program is to generate linear models of the J85 engine,
A Fortran listing of the program is gresented in Table A-2 and discussed in
the following paragraphs.

* For the convenience of the reader, all figures and tables are provided at
the end of each appendix.
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The discussion is aivided into four sections which correspond with the main
parts of the program:

e Trim point calculation

e Engine dynamics
® Linearization

e Inpit data

Trim point calculations are discussed in the first subsection, labeled Trim
Routine, where steady-state set points for the engine are computed. This
section of the program calculates the fuel flow required to maintain the
nominal operating condition specified by the input parameters. Trim values
of engine responses are also calculated in this subuection.

Engine dynamics are discussed in the next scbsection. A nonlinear dynamic
model of the engine is contained in a subroutine called DYNAMIC. The model
is a reduced order-version of the NASA component model of Reference A-1,
All gas dynamics have been removed from the model so that it containa only
two states, spool speed and engine case temperature.

The linearization procedure is presented in the third subsection of this
appendix, under Linearization Routine. Engine dynamics are linearized
about a steady-state trim point.

Input data are discussed in the last subsection. Two sets of data are required
to run the program. One set defines the nominal operating conditions, i.e.,
steady-state spool speed, geometry cortrol positions, compressor inlet
pressure, and rotor torque load. The other set contains steady-state engine
component data, i.e., compressor stage data and turtine map data.
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1 Computations in the linearization program proceed in the following order.,
First, engine component data are read in. Then input parameters definirg '
the nominel operating condition are read. Next a steady-state trim point "
corresponding to the input parameters is computed. Finally, a linear model
of the engine is obtained by linearizing the nonlinear engine dynzmics about
the trim point.

Trim Routine

This section of the program generates steady-siate trim solutions of the
engine dynamic equations. Laputs to the reoutine include steady-state spool
speed (N), geometry control position (IGV, BLD, AB)’ compressor inlet
pressure and temperature (Po’ T 0), exhaust nozzle discharge pressure (P8),
and external rotor torque load (SPLC). Given this set of inputs, the preogram
. iteratively computes a steady-state operating point. The computational pro-
cedure is summarized in the next paragraph.
First, steady-state values of the eight input parameters, N, AB’ IGV, BLD,
Po' To‘ P8' and SPLC, are read in. Then initial guesses for fuel flow (WF),

burner temperature (TB), turbine discharge pressure (PT), and inlet airflow
(Wo) are made, Steady-state values of these four parameters are iteratively
computed in four nested iteration loops. Steady-state values of all of the
other engine variables are computed closed form.

Computations in the rontine proceed in a manner snalogous to the path fol-
lowed by a particle of air entering the inlet; i. e., the compressor section is
trimmed first, followed by the burner, the turbinz», and finzlly the nozzle

gection.

The compressor is modeled by the stage stacking tzchnique, Each stage is

individuglly represented by a pair of experimental functions (i , wT) which




are used tc compute the pressure rise and temperature rise across the
stage. Airflow through the stage is computed from the steady-state con-
tinuity relation,

F, P,

i-1 P .T i

T W% T

i-1 i
Wi -1 continuity Wi

ith stage
) T

T o= Tyt (W N

p= P _ -, [wF, N T ]

i 5 Pty s Nt (A-1)
Wi = Wig

The stages are interconn-cted, or stacked, to form the compressor model
where the discharge conditions of one stage are the inlet conditions of the
following etage, Compressor bleed (BLD) and inlet guide vane (IGV) effc.cts
are included in the appropriate stages.

Thur. steady-state velues of all the compreassor variables can be computed
closed form from a wncwledge cf the input parameter 3, N, IGV, BLD, 'Po,
'l‘o, and W o’ All of these inputs are specified, except for inlet airfiow (W 0).
This variable is computed iteratively in the outer iteration loop,

Burrer performance is represented by three experimental relations, prec-
surc drop across ihe burner (A PB), burner enthalyy (HB), and burner effi-
ciency (nB), together with the steady-state continuity relation, The pressure
drop across the combusior is a function of compressor discharge pressure
(PCD), burner inlet airflow (WB), compressor diecharge temperature (TCD)
and burner temperature ('I'B),

1
i
i
g
K
3
i
2
{
3



APB = f, {PCD, WB, TCD, TH] (A-2)

Burner enthalpy is computed from a real gas experimental relationship
which is a function of burner temperature (TB), burner airflow (WB) and
fuel flow (WF).

HB = f, [TB, WB, WF] (A-3)
Combustor efficiency is defined as the portion cf the heat of combustion that

ie available for 2 gas temperature rise. It is computed from an experimental
correlation of the form

Mg = fg (PB‘ ATB] (A-4)
where
PB = PCD +aPB
ATB = TB - TCD

Thege three fur.ctions, fl’ f2' and fs, are functions of the three burner var-
iables, VB, TB, and WF, One of these parameters, WB, is computed
closed form (from the continuity relation), as

WB = WCD - WTC (A-5)

where W'IC is airflow which is bled from the compressor tn cooi the turbine.

The other two parameters, TB and WF, are computed iteratively in the
inner two iteration loops.

The turbine i8 modeled by two perforrnance maps, together with the steady-
stute continuity relation. Turbine enthalpy drop (4HT) and turbine airflow

(WT) are represented as functions of burner temperature (TB), burner
precsure (PB), spool speed (N), and turbine pressure ratio (PRT).
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f, (N, TB, PRyl
(A-8)

wr

I

fth,TB,PB,PRT]

These functions cannot be evaluated until the variable PRT is computed.
Although WT is established by the continuity relation

WT = WB+ WF (A-7)

PRT cannot be obtained closced form because the second function, f2 , can.ot
be inverted to solve for PRT . Thus, PRT is calculated in the third iteration

loop.

The exhaust nozzle is represented as a variable area flow passage capable
of choking, The mathematical relation is

WNVYTT _ rnag. A

P
8
BT f[pT (A-8)

8.
where
P P
(Fe] . ‘...8_
PT BT

This expression is used to compute the nozzle airflow (WN),

-1
Y\, B 7
PT

Compressor inlet airflow (W o) is systematically changed in the outer itera-
t.on loop until the nozzle airflow computed from the above relation agrees
with nozzle airflow computed from the steady-state continuity relation

WIW = WT + WTC (A-9)

Details of the trim routine are presented in the flowchart of Figure A-1,
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' First, the input variables N, AB' IGV, BLD, P o’ To’ Pa. and SPLC are
read in. The last variable, SPLC, is a fictitious external torque load ap-
plied Lo the rotor shaft, If this variable is set to zero, the routine will

identify a steady-state operating point on the engine equilibrium line. Non-

]

> VIS IPPVEYCR LI (RPN NTRE TR ARGl YUY - (O TS A

zero values of SPLC cause the routine to identify quasi-steady-state operating
points off of the equilibrium line, Quasi-steady state means that both N =
constant and N = constant; the nonzero N is balanced by the external torque
lead SPLC.

Thex, initial guesses of fuel-to-air-ratio in the burner (FAB), burner
iemperature (TB), and inlet aivflow (W o) are made. The parameter FAB is
defined as

mran et e A —

FAB & WF/WB (A-10)

Thus, guessing a value of FA!3 is equivalent to guessing fuel flow.

Next, the integer variables which count the number of iterations are initial-
ized to zero. The variables are defined as:

ITERL -- number of iterations of the W o loop
ITER2 -~ nu'nber of iterations of the PT ‘oop

e T o S SR T A
- e UL Lumehr s

ITER3 -- number of iterations of the TE loop

A counter is not aseigned to the inner locp, the WF iteration, The variable
IIT is a switch which is maintained as zero during the iteration prucess and
set equal to one when all loops have converged.

In the next section of the program steady-state compressor variables are

computed. Individual calculations are made for each compressor stage; the
outlet conditions of one stage are inlet conditions of the next stage,
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First, the pressure at the outlet of the inlet guide vanes is computed from
the equation

2 = P_+ PR

216V o IGV ™ 0. 005 Po (A-11)

where the IGV pressure ratio (PRIGV) is calculated as a function of spool
speed.

FRiqy = PRigy [N]
Temperature and airflow, which are constant across the inlet guide vanes,
are computed as

T T

GV o

(A-12)
Yigv * Wo
The outlet conditions of the inlet guide vanes are the inlet conditions of the
first compressor stage. Airflow in the first compressor stage is computed

from the continuity equation
WC, = W (A-13)

This airflow, together with TIGV and PIGV' are used to compute the axial
component of velocity in the stage:

v o= vtwcl, T

which in turn is used to compute the flow coefficient

9, = K,y v, IN (A-15)

¢1 z1
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The constant K¢1 in this expression is a function of the geometry of the stage.

Noxt, pressure rise and temperature rize coefticie \ta are determined from ¢1.

wlp (¢, 1GV]

Sy
)

(A-16)
= 7 (o,, 1GV]

Note the effect of inlet guide vane position is included in the first-stage coef-
ficients, Finaily, the pressure and temperature at the outlet of the stage
are computed.

BCI

P 2
Plav: [+ - Ky, N /TIGV)'yZ-'i
(A-17)

. 2 T
TC = Tiov Ky, - V- ¥

The constant K, in these expressions is also a function of the geometry of
the first stage.

Prenssure, temperature, and airflow in the other compressor stages are com-
puted in the same manner as the first-stage data. Calculations for the second
and third stages are shown explicitly in the Figure A-1 flowchart,

Compressor bleed effects are included in the third, fourth, and fifth com-
prensor stages, Bleed airflow in the third stage (WBL3) is computed from
the relation

WBL, = KBLD

3 (A-18)

- BLD - PC3/ TC

3 3

where
KBLD3 is the bleed flow coefficient
BL.D is the bleed area
PC3 is the third-stage discharge pressure
TC3 i8 the third-stage discharge temperature

9
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The third-stage bleed airflow is subtracted from the third-stage inlet air-
flow (WCgq) to determine the inlet airflow to the fourth stage (WC,)

4
Bleed effects in the fourth and fifth stages are evaluated in the same way.

Compressor discharge relations are evaiuated at the end of the compressor
simulation section, The pressure, temperature, and airflow at the com-
pressor discharge are the values at the outlet guide vanes.

PCD = P

TCD

u
-]

oGV . (A-20)

weD = WOGV

Compressor discharge enthalpy (HCD) is evaluated as a function of TCD from
a real gas model,

HCD = HCD [TCD) (A-21)

Finally, the net change in airflow times enthalpy across the compressor is
evaluated.

A(WH)CD = WCD -HCD + cp(WBL3- TC3+WBL - TC

q 4+WBL5- TC5)

(A-22)
- cp 'Wo -To + SPLC

This change is proportional to the compreassor torque load on the rotor shaft,
Next, steady-state airflow intn the burner (WB) is evaluated as

WB = WCD - WTC (A-23)
where WTC is airflow which is extracted from the compressor discharge to

cool the turbine.




Then a test is made to determine if ITER] equals one, If ITERI = 1,

indicating that this is the first pass through the W ° iteration loop, an initial
value is assigned to turbine discharge pressure (PT).

T

0.35 PCD (A-24)

If ITER1 > 1, the routirn2 goes directly to step 2 since a value for PT has
already been calculated in this case.

Turbine inlet airflow is then computed from the steady-state continuity rela-
tion

WTOLD = WB (1 + FAB) (A-25)

This is the sum of burner inlet airflow and fuel flow,

Next, the three experimental relations which model burner performance are
evaluated. First, the pressure drop across the burner is computed

2
apB = BB KB (0,771 TCD - 0.85 TB) (A-26)

where KB is a constant, Pressure losses due to both fluid friction and
momentum changes from the addition of heat are included in this expreasion.

The pressure at the burner discharge (PB) is
PB = PCD - APB (A-27)

Next, burner efficiency ngis evaluated as a function of the parameter
PBDTB where

PBDTE 4 PB (TIB - TCD) (A-28)
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Burner efficiency is defined as the portion of the heat of combustion that is
available for a gas temperature rise, Finally, burner enthalpy (HB) is
determined from the real-gas functional relationship

HB = HB [FAB, TB] (A-29)

The Figure A-1 flow chart shows that turbine enthalpy drop (AHT) is actually
calculated between the computation of burner efficiency and burner enthalpy.
Turbine enthalpy drop is determined from experimental turbine data, i.e.,

BT .
fromN B’ PB, and VI',N].;;' . Thus the enthalpy drop is

AHT = ﬁ% . N.TB (A-30)

At this point in the routine, sufficient data are available to recalculate turbine
inlet airflow from the heat equation es applied to the burner. The heat equa-
tion gpecifies that under steady flow conditions

ZQpyurNER - HWH)puRNER °

The amount of heat which enters the burner must equal the heat which exits
from the burner. In terms of the parameters previously identified

(WH)in = (WH)out

or {A-31)

WB . HCD + Wf . hFUEL ‘Mp = (WB+Wf) . HB

This equation is solved for the term (WB + WF) which is the burner discharge
flow, The resultis

WB (h B - HCD)

HB)

FUEL °
(hpygL * "B -

(A-32)

12




where WT1 » (WB + Wf) is the burne: dis:h.irge or turbine inlet airflow.
Note that fuel flow does not appear explic:.iy ir this eguation, but rather as
the difference WT, - WB,

1
Next, the difference between turbine inlet airflow as determined from the
heat equation (W T;) and as determined from the continuity relation (WTOLD)
is computed. The result is termed turbine airfilow error, WTERROR'

o

WTgrror - WPy - WToLp! (A-33)

Tre magnitude of this error is the convergence criterion for the fuel flow
iteration loop. If IWTERRORI < 0,0005, the iteration loop is converged.

If IWTERRORI > 0, 0005, fuel flow is updated according to “.c following
gcherae:

WTq o = 1U2(WTg o+ WT,)

WF WT - WR 1A-34)

oLD

FAB WT/WB

and the routine is returned to step 4, The fuel t_ow iteration continues until
the criterion |WTppe e | = 0.00C5 is scrisfied.

After the fr«1 flow iteration converges, tle airflow out of the turbine is com-
puted. This airfiow is called the nozzle airflow, WN,

WN = WT, + WTC (A-35)

It is assumed that the cooling airflow, WTC, is added back into the flow at
the turbine discharge.

13
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w y
:' Next, turbine enthalpy is computed from the equation : %
|
* W'I‘I(HB - AHT) + WTC - HCD - iy
. HT = WN (A-36) i
v 3
Then the steady-state rotor torque relation,
“\ 9 N = ZropQue - ©
_ is used to recalculate burner enthalpy. The airflow-enthalpy change across "
,,f the compressor is subtracted from the airflow-enthalpy change across the g
j turbine to determine the net rotor torque, 1
_ ] j
ZrorQue * AWHyrpe - 4HcoMPRESSOR = 0
A This equation is sclved tor a new estimate of burner enthalpy, called HBR. ‘
] A(WH, oy + WN . HT - WTC . HCD 1
HB, = CD —_— (A-37) 3
R WT, j
3 The difference between burner enthalpy as calculated from the above equation g
_ (HBR) and burner enthalpy as previously determined from the real gas model Z
. (HB) is termed burner temperature error, ?

TBERRO::. = HBR - HB (A-38)

A non-zero value of TBERROR indicates that the burner temperature estimate,
TB, is inaccurate. The magnitnde of this error is the convergence criterion
for the TB iteration loop. If lTBERROR! £ 0. 0005 the iteration is converged;
if 'TBERROR' > 0. 0005 the estimate of burner temperature, TB, is updated
and the routine returns to step 3.

The change in TB depends on the algebraic sign of TBERROR‘ If HBR is
4 greater than HB, TB is increased. if HBp i8 less than HB, TB is decreased.
The magnitude of the change in TB, called ATB, is regulated in the routine

14
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such that if the algebraic sign of TBERROR changes in successive iterations,
the step size is halved. This procedure guarantees convergence.

Flow conditions in the exhaust nozzle are computed after the TB iteration is
converged. First, the nozzle pressure ratio (PRN) is evaluated

P

. _ __8 _
PRN = PT (A-39)

where P8 i« discharge pressure at the nozzle exit.

The flow condition ir the nozzle is determined by the magnitude of PRN. If
PRN > 1, ambient pressure ic greater than nozzls pressure and thus zero
flow is assumed., If PRN < 0.528, the nozzle is choked and if 0, 528 <
PRN < 1, the nozzle is unchoked. A nozzle coefficient is assigned depend-
ing on the flow condition.

KNOZ = 0 if PRN >1, zero fiow

KNOz = 0.2588 if PRy > 0. 528, choked flow (A-40)
Pa Pa

KNOZ = ﬁ if 0,528 < PRN < 1, wmchoked flow

Next, turbine airflow is recalculated from experimental turbine data which
. . wWT. TB PT N :
is a correlation of the three parameters ~ . PB ' PB’ TR lurbine

airflow computed from this data is

WT

WT. TB)‘ N-PB (A-41)

2 " | "N PB TS

The symbol WT2 is used to differentiate this airflow from the two expres-
sions for turbine airflow previously ottained, WTOLD and W Tl'
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The difference between WT2 and WT1 is then computed,

[}

PT = WT2 - WT (A-42)

ERROR 1

This error is called turbine pressure error because a mismatch between

WT2 and WT1 indicatez that turbine pressure is not correct. The magnitude
of this error determines if the iteration on PT is converged. If ‘PTERR OR!
< 0.0005, the iteration is converged. If |PTERROR| > 0. 000
of PT is updated and the routine returned to step 2 for another iteration.

5 the estimate

The algebraic sign of PTERROR determines how the value of PT is adjusted.
If PTERROR is positive, the value of PT is increased; and if PTERROR is
negative, PT is decreased. Mechanization of the PT iteration is identical
to th< TB iteration (refer to Figure A-1 flow chart).

Following the convergence of the PT iteration, the turbine temperature (TT)
is evaluated as a function of turbine enthalpy (HT) and fuel-to-air ratio in the
turbine (FAT). Turbine temperature is then used to recompute nozzle air-
flow from the isentropic relation

KNA8 - K . PT. A
NOZ 8 )
WNyx \/?Tr (A-43)

The constant KNAS8 is a contraction coefficient which is a function of spool
speed. The subscript X on WN is used in this expression to differentiate
between the nozzle airflow comyuted here and the nozzle airflow previously
computed from the continuity relation, WN,

The difference between WNX and WN is then computed

A
WiRrror - WNx - WN (A-44)
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This error is a measure of the accuracy achieved by the outer loop it :-ation
for inlet airflow, W . If lWERROR‘ £ 0. 00C5, the iteration is sufficiently
ERROR‘ > 0.0005, the value of Wo is updated and the.
routine returns to step 1, Inlet airflow, W o 18 increased if WERROR is

converged. If |W

positive and decreased if WERROR is negative, The logic associated with
this iteration loop is identical to the logic used in the TB and PT iterations.

Logic for the trim complsation switch III is also found in this section of the
routine. The switch controls printout of results obtained from intermediate
steps in the program. Until all four iteration loops have converged to with-
in the specified tolerances, the value of III is zero. Once the loops have all
converged, III is set equal to one and the routine is sent back to the begin-
ning, station 1, Values of the parameters of interest are then printed out
during this final pass through the iteration loops.

Dynamic Subroutine

i
z
H
i
!

This section of the program computes derivatives with respect to time of
spool speed (N) and case temperature (TM) given the following set of initial
conditions: compressor inlet pressure and temperature (POTO), nozzle

EIRRVISRFTY * NP Ve

discharge pressure (P8), current spool speed (N), current case temperature
{TM), fuel flow (Wf), and geometry control positions (A8, 1GV, BLD).

The structure of this routine closely parallels that of the TRIM routine.
Computations bagin at the engine inlet and proceed through the engine to the
exhaust nozzle, asrameters associated with the compressor section are
evaluated first, followed in order by burner, turbine and finally exhaust
nozzle parameters,

Initizl conditions are specified by the nine input parameters, PO, To‘ P8, N,
TM,Wf,AB, JGV, and BLD, Initial estimates of turbine pressure (PT), inlet

11
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airflow (W 0,\, and burrer efficiency (“‘3) are also required. Actual values
of these thiree parameters, PT, Wo and ng, are coraputed iteratively in the
subroutines,

The compressor is modeled by the seme set of mecthematical relations which
are incInded in the TRIM routine. Inputs to the coinpressor section include
apool speed, inlet parameters Wo, P o’ and To' and comprescor geometry
control positions IGV and BL.D, Steady-state preasure and temperature rise
maps are used io compute individual stage parameters, The stages ave
stacked to form the cornpressor meodel; i. e., the Gischarge conditions of one
stage are tane inlei conditions orf the next stage. Flow conditions at the com-
pressor discharge are defined in terms of pressvre (PCD), temperature
(TCD), airflow (WCD), and enthalpy (HCD).

Steady-state burner performance is modeled by the same three experimental
relations which are included in the TRIM routine. Two of these relations
are used to compute burner temperature (TED) and burner pressure (PB),
‘Che third relation is used in an iteration loop to determine burner efficiency
(ng).

Thermal capacitance effects are included at the end of the burner scction.
The ruite of change of temperature of the engine case metal is calculated from
the equation

'1M = K'I‘M (TEE - TM) (A-45)
where TM is the average temnerature of the metal and KTM is a constant of
proporiionality (a function of thermal cenductivity and geometric ineasure-
ments). The tempe;'ature of the gas discharged from the barner (1RB) ;s
computed fror.:

T™B = TEB - KTB <« T™ (A-46)
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where KTB is a constant similar to KTM' Note that in thermal cquilibrium
thease equations reduce to

TEB

1)

™ = TB

Turbine and exhaust nozzle performance are also modeled by the steady-
state relations which are included in the TRIM routine. These functions re-
late nozzle rirflow (WN), turbine temperature (TT), turbine enthalpy drop
4HT), and turbine airflow (WT) with spool speed, burner disrlarge pressure
and temperature (TB and PB), nozzle area (AB)' and ambient nozzle pres-
sure (PS).

Rotor dynamics ai'e considered at the end of the nozzle section. Angular
acceleration of the rotor shaft is computed as a function of enthalpy change,

Ky * EA(WH)T - A(WH)CDJ

N = N

(A-47)

where A(WH)T is the airflow - enthalpy change across the turbine, and
MWH)CD is the airflow * enthalpy change across the compressor. KN is a
constant relating rotor speed in radians per second to rotor speed in revolu-
tions per minut=,

Inlet airflow (Wo) and turbine dircharge pressure (PT) are computed iterativ:-
ly in the last section of the program. A gradieat search procedure, Newton's
method, is used to find W o and PT since they cannot be obtained directly

from the model equations.

A flow chart of the DYNAMIC subroutine is presented in Figure A-4. Details
of the procedure 2re discvsged in the following paragtaphs.

First, the initial conditions PO, To, P8’ N, TM, Wf, A8, IGY & 'd BL.D and
initial estimates WO, PT, and Ny are read in. These variatles are obtained
either directly from the TRIM routine or from a previovs call to this sub-
routine,

19



Then the iteration loop counters are initialized. Botlk ITER1 and ITER2
are get to zero. ITER2 counts the number of outer locp iterations and
ITER! is a loop counter within the gradient search prccedure,

Compressor variables are computed in the next section of the program. The
compressor model included in this subrouatine is identicai to the mcdel in-
cluded in the TRIM routine.

Inputs to the compressor section inciude inlei conditions W o’ Po' and To
and compressor geometry control positiins IGV and BLD, Discharge air-
flow, WCD, pressure, PC)), temperature, TCD, and enthalpy, 1ICD, are
evaluated in the model. Details of the compressor simulation are shown in
the Figure A-2 flow chart and discussed in the TRIM routine dccumentation,

Next burner inlet airflow is computed from the contir.uity reletion

WB = WCD - WTC (A-48)

where WTC is the airflow which ig extracted from tae compressor discharge
airflow to ool the tarbine vanes, The fuel-to-air ratio ir. the burner is
alsc evaluated,

FAB = Wf/'WB (A-49)

Burner enthalpy i8 caleculated from the heat equation.

HB = HCD+h FAB (A-50)

FUEL "‘BO ’

The term h‘?UEL ’ nBO * FAB is the enthalpy incriase due to burning of the
fuel. The current value of burner efficiency, g is also storec as the var-

iable Ty in thi step,
0
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The time derivative of burner case temperature, ’i‘M, is determined in the
next step from the thermal capacitance model:

INLET; DISCHARGE:
b Je— ——® WrT, TB, PB
*—

\\ CASE TEMPERATURE, TM

First, the combustion temperature of the gas is computed as a function of
FAB and HB,

FUEL, W,

TEB = TEB [(FAB, HB] (A-51)

Then the rate of change of case temperature, ’i‘M. is computed from the heat
transfer relation, Equation (A-45):

wireera

™ = K + (TEB -~ TM)

™
The constant KTM is a function of the thermal properties of the case mater-
ial and the term (TEB - TM) {8 the temperature gradient at the gas-metal
interface. Finally, the temperature of the gas discharged from the burner
is computed from Equation (A-46):

TB = TEB-KTB- ™™




KTB is a constant in this equation. Note that if the burner is not in thermal
equilitrium, i.e., TM # TEB, the temperature of the gas discharged from
the burner, TB, will not equal the combustion temperature, TEB,

Burner pressure is calculated in the next step.

2
K. - WB
PB = PCD - "'BIFW”’ (0.771 TCD - 0. 085 TB) (A-52)

This relation was also used to calculate burner pressa.« in the TEIM routine.

Then the value of burner efficiency is recalculated from the experimental
data relating efficiency to the variables PB, TB and TCD.

ng = " [PB(TB - TCD)] (A-53)
The updated value "B is compared with the previous value ng to determine
o
if the burner simulation is converged. If the error |nB - Mg | is less than
o
E-10, the routine pruceeds to the turbine simulation. If I‘nB - ng | is

greater than E-10, ng is replaced by g and the routine returns o step 2,
o

The first parameter calculaied in the turbine section is turbine inlet airflow,
WT, It is computed from the continuity relation

WT = WB+ WF (A-54)
Fuel-to-air ratio in the turbine is also computed at this time,

FAT = WF/(WT + WTC) (A-55)

Note that the turbine cooling airflow, WTC, has been added to turbin2 inlet
airflow in this equation,
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Next, turbine inlet airflow is recalculated from the experimental data re-
lating airflow with turbine pressure ratio, burner temperature, and spool
speed.

. N:PB (wI.TB [T
WTcaL = "TB ‘| N.PB [PB' VfB ]) (A-58)

The subscript CAL is attuched to this airflow to differentiate between it and
turbine airflow computed from the continuity relation.

The difference between WTC AL and WT is then taken.

The variable name PTERROR is as8: ned to this difference because it repre-
sents an error in the estimation of turbine discharge pressure, PT. This
error i8 used in the gradient search portion of the program to obtain a better
eatimate of PT.

Nozzle airflow, WN, is computed from the continuity relation in the next
step,

WN = WT + WTC (A-58)

This parameter is used to evaluate turbine enthalpy, HT, from the heat
equation, :

HT = WT(HB - AHT%N.'I-\TWTC - HCD (A-59)

where turbine enthalpy drop, 4HT, is obtained from the experimental rela-
tion

AHT = N+~/TB - Tv% -E%.Vﬁ%- (A-60)
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Turbine temperature i3 then computed from the real gas relation
TT = TT [FAT, HT) (A-61)

Airflow in the exhaust nozzle is computed in the next subsection, First,
the prefssure ratio acrcss the nozzle opening is computed,

P
4 8
The value of this coefficient determines if the nozzle is choked, unchoked or
onerating under conditions of reversed flow. This information i& conveyed
to the nozzle airflow equation through the coefficient KNOZ’

K 0 if PRN >1, reversed flow

NOZ
Kyoz = 0-2588  if PRy < 0,528,  choked flow (A-63)
p.\i 2=1
. —‘1)7 1 —5-)7 if 0. 528 < PR.. < 1 111
KNOZ BT |\ BT . N , normal flow

Reversed flow i8 not allowed in the simulation. If PRN > 1, nozzle airflow
is set to Zero by assigning KNOZ =0,

After the no:zle coefficient is computed, nozzle airflow is recalculated from
the isentropic relation

KNA8 - K., + PT. A
WN ) NOZ 8

CAL TT (A-64)

This expressicn is also used in the TRIM routine. The subscript CAL is
used to differentiate between nozzle airflow computed from the continuity
relation, WN, and airflow computed from this expression, WNC AL’
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Next, the difference between WNC AL and WN is calculated

The name WERROR is assigned to this difference since it represents the
error in the estimation of inlet airflow, W o’ This error, together with
PTERROR’ is used in the gradient search procedure to obtain better esti-
motes of the parameters W o and PT.

Rotor acceleration, N, is computed next from the conservation of angular
momentum,

] K, - [&(WH), - 8 (WH) ]
N =N T CD (A-66)
N

The symbols A(WH)T and A(WH)CD represent the airflow ¢« enthalpy changes
across the turbine and tne compressor respectively. They are defined as

A(WH)T = WT * AHT

MWH)op = HCD * WCD - ¢« T - W (A-67)

+ p (WBL, « TCq + WBLy, - TC, + WBL, + TCy)
Finally, the errors PTERROR and WERROR are inierrogated to determine
if the outer iteration loop on the parameters PT and Wo is converged. If the
magnitudes of both errors are less than the maximum allowable. error, e,

the iteration is converged and the subroutine returns to the main program.
If the test is not passed, new estimates of the parameters PT and W o are
computed by Newton'= method and the subroutine starts over at step 1.




B T 4
I

In Newton's method the k+1 gradient step is

zK*l 2 ZK en )l Ly . (A-68)

tz¥] Tz

where Z is the vector of unknowns and h is tae vector of errors. Thus the
k+1 estimate of Z is comp.ated from the kth estimate of Z, the value of the
error function h evaluated a: _Z_k, and the gradient of the error function Yh

k
evaluated at Z°, In terms of the parameters PT, W o PTERROR and
WERROR the vectors Z, hand vh are

T 4

2" = [PT, W)

T A
b * {PTppror WERROR!

;.'
P
i
¥
:
i
v
L
3
3
v
:

2PT ® (A-69)

; ERROR
' 3PT
vh

PTERROR
5W,.

nw>

*WERROR *WERROR

OPT o

Since the partial derivatives in vh cannot be computed analytically, they are
; approximated by finite difference equations in the computer program. For

, example, %
,_t?P_TErl;IthR . PTegrop [PT *;P'ATI;TWoJ - PTeRpoR(PT-4PT, W ]

(A-70)

Thus, both pogiiive and negative perturbations in the unknown variable PT
are considered. Similar expressions could be written for the other partial
derivatives.

s
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The gradient calculation consists of five intermediate ateps, In the first
step, the errors in the h vector arc evaluated, PTERROR and wERROR'

The partial derivatives with respect to PT, BPTERRORIB PT and
awERROR/aWO. are computed in the second and third steps. These calcula-
tions require two steps because both positive and negative perturbations in
FT are considered. The other two partial derivatives, aPTERROR/ aW

and aWERROR/aW o are evaluated in the final two steps, New estimates

of PT and W0 are also obtained in the last step from the equation

i i T B (oAl 1 - 1 § T
o PT *PTerror  °PYERROR | |pp
S SPT W, ERROR
w w ‘WerroR  “WERROR w
og o BT AW, ERROR
e 4k (A-71)

where the subscript S is used to denote the updated values,

The actual calculations performed in the subroutine are presented in the
Figure A-2 flow chart beginning with the computation

ITER1 = ITERI1+1

Logic which differentiates between the five steps of the gradient procedure
is provided through this variaile.

In the firat atep (I'I'ER1=1); nominal values of the errors PTERROR and ; j
|4 WeproR 2Fe stored under the names F and G, Then the nominal value of o
3 PT is increased by the amount APT and the routine is sent back to location

number 1.
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In the second step (ITER1=2), new values of the errors PTpRrOR 20d

) WERROR cvaluated for a positive perturbation in PT are stored as FX + and
. GX 4 Then the current value of PT is decreased by the amount 2APT and

. B
i
i
|
i
i
i
:

the routine is sent back to location 1. This is eqaivalent to decreasing the
nominal value of PT br APT,

New values of the errors PTERROR and WERROR evalvated for a negative
perturbation in PT are stored as FX_ and GX_ in the third step (ITER1=3).
The partial derivatives with respect to PT are evaluated from the finite
difference approximations,

oPT 2APT
(A-72)
WERROR § gx . &%+ -GX.)
PT 2APT

Then PT is returned to its nominal value by adding APT to the current value,
and the nominal value of W o is increased by AW o Finally, .he routine is
sent to location 1.

Partial derivatives with respect tc Wo are evaluated in steps four and five
in the same manner as derivatives wit': respect to PT were obtained in
steps two aud three. The resulting finite difference apnroximations are

PTERROR 4 oy . F¥a” FY.)
3w, 2AW_
(A-T73)
*WERROR 8 oy . ors” Yo
W, AW,




These partial derivatives, together with the nominal errors F and G, are
then used to compute the incremental gradient step defined by

(-F - GY +G - FY)

APTS = B
(A-74)
_ (G- FX +F - GX)
AWoS b D

where APTg is the incremental change in PT and AWqg is the incremental
change in W o The symbol D represents the determinant of the partial
derivative matrix

D= FX-GY-GX- FY (A-175)

Before the g adient step defined by the increments APTS and AWOS ig taken,
the magnitude of the increments is tested and reduced, if necessary. First

the magnitude of APTq is tested.
| APTg| < 24PT

If this test is failed, the magnitudes of both APTg anf. AWqg are reduced by
the ratio, 2APT/|APTg] .

This adjustment reduces only the magnitude of the gradient step; the gradient
direction is preserved, If IAPTSI is smaller than 2APT, this adjustment is
bypassed,

The magnitude of AWog ig algo tested in a similar manner. If _IAWOSI is
greater than 2AW , the gradient step is further reduced by the ratio,

20w /| AWog|. If [AWqg| is smaller than 2aW , this magnitude adjustment
is bypassed.
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Finally, the current values of PT and Wo are updated,

PT

PT + APTS
(A=78)

Wa

Wo + AWDS

the counter ITERI] is reinitialized, and the routine is started anew from
location number 1.

Linearizer

This section of the program extracts linear models from the nonlinear
engine model. Inputs to the program include steady-state spool speed (W},
steady~-state engine case temperature (TM), fuel flow (Wf), geometry con-
trrol positions (A g’ IGV, BLD), inlet pressure and temperature (P o’ To).
exhaust nozzle discharge pressure (PB)’ and perturbation step size (DPERT),
The nonlinear engine model is linearized about the equilibrium operating
point defined by the first nine input parameters. The tenth input parameier
(DPERT) determines the magnitude of the perturbations considered in con~
structing the linear model.

The linear models obtained are of the form

Ax = FAx +Glau + G24n
(A-TT)
Ar = HAx + D1 Au + D2 An

where x is the state vector, u is the control vector, n is the disturbance
vector, r is the response vector and F, G1, G2, H, D1, D2 are coefficient
matricies. The A symbol is used in these eqgvations to emphasize the fact

that the linear models represent perturbations from equilibrium operating
conditions,

f
ek




BE i

Engine variables included in the %, u, 1, or r vectors are;

x = N (spool speed)

TM (engine case femperature)

u = WF (fuel flow)

IGV (inlet guide vane angle)

| Ag (exhaust area)

BLD (compressor bleed position)

n = P (inlet pressure) (A-78)

To (inlet temperawure)

Py (exhaust nozzle discharge pressure)

r = PCD (compressor discharge pressure)

. PT (turbire discharge pressure)

TB (burner temperature)

TT (turbine discharge temperature)

It should be noted that additional variables can be added to the respouse
vector by the user, if desired. The x, u, and n vectors cannot be enlarged

as they already contain all the states, controls, ard disturbances which are
included in the nonlinear engine model.

Coefficients in the matrices F, G1, G2, H, D1 and D2 are computed in the
program by a procedure based on the linearization method described i
Reference A-2. Briefly, the procedure consists of expanding the nonlinear
engine model represented by the nonlinear matrix functions f and h,

x = f(x,u,n)
r {A=-179)

= h(x’ u, n)




in a Tayior series about the equilibrium operating point defined by the steady-
state input parameters N, TM, WF, AB' GV, BLD, Po, To and P8' This
equilibrium point is denoted as (xo, u,. o)‘ Nete that substitution of thesc
variables, X uo, andn o’ into the nonlinear system eqgurtions g.ves

fxgr Vg Mg = x5 = O
{A-80)
h(xo, U, n") = Ty
The result of the Taylor series expansion is
LBt of
f(x.' unno) - f(xol uoano) ax (‘col uolno)Ax + 3“ ‘xol uo’ Tlo)Au
af
+ 9% (xo’ “o'no)AT'
(A-83)

- oh S 4+ 20
h(x,u,m ) = hx,u ,ng) = 37 (x .u,n jox+ 30 (Xp UarN)AU

!
+¥f (xo,uo,no)An

which is equi-ralent to the linear representation of Equations (A-77) if the
following definitions are made.

)

X =X = f(x,u,mi - f(x,, a0,M,
Ar€ - v, = hix @) =hix, u,ny

3% (: U T ) (A~82,
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HE —;\xo.uo.no)
D: 8 88 (x . .m) (A-82)

4dh,

Thus the coefficient matricies ars actually matricies of partial derivatives
evaluated a: the equilibrivm point, For example, the F mairix is

raf of of —1
5-;:'1' (x,,. u5. M) ’cﬁ_} LIVAUN PP S—l (x,,ugmc)
1T 2 *
f af of
2 , 2 L
Qq (xu’uo'qo) 3%, (xo'uo‘ﬂo)‘ e ax_n (e 100 My

af af vf
T ] —n
a, (xo. U, Ny gfz- (xo,uo,no). ‘e axn (xo’uo'no)—J
) (A-83)
where n is the dimensinn of the state vector, x.
Written in terms of engine variables, thig matrix is
- _ -
3N 3L _
9 (xo’ uo'no) 3aTM (xo' uo'no)
F = (A-84)
3TM 3TM
aN (xo‘ uo'“o) 3TM (xo’ uo'no)
L _

Similar expressions could be written for the other coefficient matrices,

33




Since the partial derivatives in these matrices cannot be evaluated analyti-

cally, they are computed from finite difference approximations in the com-~ .
puter program, The method is illustrated below for {ie (1, 1) element in the

F matrix,

afl fl(x1c+ A”l. x2°l a0 xnol uolno) - fl(x'lo- Axl. x20, e 0 xnor uolno)
3x, (xo’uo‘no) = 2Ax
1 1
(A-85)

Thus the procedure involves evaluating the nonlinear-depeident function
[fl(x,u.n) in the example] for small perturbations in the independent variable
(AXI) about the equilibrium point (xo,uo,no). Both positive and negative
perturbations in the independent variable are considered. The results are
averaged to compute the final answer,

In the notation used in the computer program, the partial derivatives asso-

ciated with the coefficient matrices are denoted as .

DXZi - DXIi
(A-86)

= (N, TM, PCD, PT, TB, TT)

=]
b
1

o
M|
|

(N, TM, WF, IGV, Ag, BLD, P, T, Pg)

Thus the engine variables associated with the nonlinear functions f and h
(i.e., time derivatives of the states and responses) are lumped together in
the DX vector, The independent variables (i.e., states, controls, and
disturbances) are lumped together in the X vector, The symbol DX2 is used
in these equationa to denote the DX vector evaluated for a positive perturba=
tion in Xj' Similarly, DX1 denotes the DX vector evaluated for a negative
perturbation in Xj'

1
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computations in the program proceed in the following order. First, all the
derivatives with respect to X1 are computed,

3DX,

BXI

i=1,2, ... NXR

where NXR is the dimension of the DX vector., Then all the derivatives with
respect to X2 are computed,

This procedure continues until all the derivatives have been computed, The
last set evaluated is

DX,
i j=1,2, ... NXR

3XNXUE

where NXUE is the dimension of the X vector,

A flowchart of the linearization program is presented in Figure A-3, This
flowchart corresponds to the portion of the fortran listing beginning at
statement number 511 in the main program (see listing in Table A-2).

First the parameters N, TM, Wf, IGV, AB' BLD, Po, To and PB specifying
the operating point are input, These variables are obtained from the TRIM
section of the main program,

Then the perturbation step size DPERT 18 read in. The units on DPERT
are percent,




Next the integer variable J which corresponds to the subscript j in Equa-
tion (A~86) is initialized. It is set to zero.

Then nominal values of the variables in the DX vector are computed in sub-
routine DYNAMIC. The nominal values obtained are stored in the vector
DXN.

In the next step the value of J is increased by one. "This means that the
partial derivatives with respect to X, are to be computed first.

Values of the variables in the DX vector are recalculated for a negative
perturbation in Xj. in the following steps. However, before the actual cal~
culations are made, the variable X, is tested to determine if {* ir =ero, A
zero value of X, implies that a negative perturbation step in X,!. canno: be
taker, since all of the variables in the X vector must aiways be positive.
Thus it X‘j = 0, the calculations for a negative perturbation in Xj are by-
passed, This condition will be discussed later.

If Xj is nonzero, a negative perturbation in Xj is computed from the relation,

PERT = Xj - DPERT
(A-87)

X, = X, - PERT

i i
Then new values of the variables in the DX vector are calculated in sub-
routine DYNAMIC, The new values are stored in the vector DX1 and tue
vector DX is reloaded with the nominal values stored in DXN, Finally, the
independent variable X:i is restored {o its nominal valus by adding PERT
back on XJ..

Xj = Xj + PERT




At this point the values of variables in the DX vector have been computed
for a negative perturbation in xj. In the next steps the variables in the DX
vector are recomputed for a positive perturbation in Xj. However, before
these calculations can be made, the value of X, is again tested, This time
X, i8 tested to determine if its value is close to one, i.e,, if IXj-ll is less
than PERT,

The condition Xj = 1 is important because two of the indepandent variables,
IGV and BLD, are scaled to be in the range 0 - 1,0. Thus it X, corresponds
to one of these variables (J = 4 or 6) and X, is one, thena posit"ive perturba-
tion in X, cannot be computed since it would give X; > 1. In this case the
calculations for a positive perturbation in X;i are bypassed. It should be
noted that this test does not affect the other indepeldent variables since

they are always much greater than one., The calculations performed if

lxj - 1| is 'ess than PERT will be discussed later.

If IXj - 1| is greater than PERT, then a positive perturbation in X]. is
calculated,

X, = X, +PERT

i J

Values of the variables in the DX vector are recomputed in subroutine
DYNAMIC. The results are stored in DX2 and the vector DX is reloaded
with nominal values stored in DXN, Finally, Xj is restored to its nominal
value by subtracting PERT from X i

X. = X, = PERT
J k) R
At this point if both the tests on Xj,

X; = 0 and Ixj-1|<PERT
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were failed, the values of the variables in the DX vector for a negative per-
turbation in Xj are stered in DX1 and the values of the variables for a positive
periurbation in X, are frored in DX2. In this case the values of the partial

.
it ek i i S A+ e i o

3 derivetives with respect to Xj are computed from the finite difference equa-

' tion,

3 |
2 i
i D% DX -DOXL -1z, ... NXR (A-£8) '
; 3% 2 PERT

However, if either of the :ests on XJ. were passed, then the partial derivatives
must be calculated from a different equation because only one of the vectors
DX1 or DX2 can be computed.

First consider the case X.=0. In this case onhuy pﬂsxt. 2 pert‘.bations in X,
can be computed, Thus ﬁ_ﬂie calculations beginning at staiion 3, firsta
positive perturbation in Xj is computed from

PERT = DPERT

Xj = Xj + PERT

{(Note that a perturbation in Xj cannot be computed from PERT = X‘j * DPER'Y
because X.=0,) Then the values of the variables in the DX vector are com=-
puted and stored in DX2, Next, XJ. is restored to iis nominal value

X, = ¥, = PERT
J J

EE S TR

and finally the partial derivatives with respect to X § are computed from the
one-sided finite difference egquation

i=1, 2, ... NXR (A~89)

X, © PERT




AT GPL - il T TR = & = SLaci . Sl

Similarly, in the case |X j-ll < PERT (corresponding to station 4) the partial
derivatives are calculated from the one-sided finite difference equation

DX, DXNi - DX1,
'—a? = f’_ﬁT i=1,2,...NXR (A—QO)

since values of DX2 cannot be obtained,

After the partial derivatives with respect to XJ. have been calculated, control
of the routine is transferred to station 2. The variable J is tested to deter-
mine if all the partial derivatives have been computed (J=NXUE). If J is

less than NXU¥E the routine returns to station 1 to compute the partial deriva-
tives with respect to Xj+1' If J=NXUE, the linearization procedure is
finished,

Input Data

The input data required to run the linearization program are described in this
subsection., Two groups of data are necessary, the program conirol group
and the component description group.

The program control group includes parameters which define the nominal
operating condition for the engine and parameters which control the lineariza-
tion procedure. This information is input on the four data cards identified
below, cards A-E,

Card A
(1) ERROR This parameter determines the accuracy of the
iterations in subroutine DYNA MIC
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Card B
NX

(3) NE
3 (4) NR
(5) DPERT

(4) IGv
(s) BLD

Card D
(1Y P

o
(2) T,

Dimension of the state vector
Dimension of the control vector
Dimension of the disturbance vector
Dimension of the response vector

Perturbation step size used in the LINEARJZATION
routive '

Nominal value of spool speed

Initial guess for inlet airflow in the TRIM routine
Rotor torque load

Inlet guide vane position

Compressor bleed position

Compressor inlet pressure

Compressor inlet temperature

The component description group consists of tabulated ¢xperimental data
which models the steady-state operating -haracteristica of the engine compo-
nents, This data is stored on magnetic tape and rzad into dummy arrays at
ihe beginning of the program, Two function subroutines, FUN1 and FUN2,
are used in the program to interpolate between ihe data points.

The experimental functions contained in this data group are presented in
Tables A~35a through A-3x and identified below.
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) Tabl Functi
Nuambi r urle)tmn Experimental Function
A-3a Fl1 ABLB = f(BVOB)
A-3b F12 IGVPR = F(N/N_ )
A-3c F13 OGVPR = f(N/N_ )
P_
A-3d F15 Yy = 1(8,)
A-3e F16 %T = flg,)
A-3f F17 Wy = 10)
A-3g F18 Vg' = fig5)
' P
. T
A-3i F110 Yy = fe,)
. P _
A-3j F111 W = feg)
T _
- A-3k F112 Ygo = dg)
A-3 F113 gt =t g)
T
A-3m F114 Ve =1y
P_
A-3n Fl15 Yoo = flpn)
T _
A-30 F116 Yy = 1)
A-3p F117 . F = £ ,) ;
: 8 8 i
§
A-3q F113  yg = feg)
A-3r F119  ng =f(PB (TB-TCD)]
A-3s F120 KWB = f(N/N__ )
A-3t F1 BVOB = f(N/N___, T )
41
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Table Function

Number ID Experimentsl Function
A-3u F2 wZP = 1(¢,, 1GV)
WT - TB _ ,PT N
A=3v F3 L2 s flee , )
NTPE PR’ yTE
A=3w F4 _OBT f(g% , N )
NTE VTB
A=-3x F5 sz = f(¢2‘ IGV)

Nominal schedules for the two compressor geometry controls are contained
in functions F1 and F11, F1 gives the nominal setting for the IGV (BVOB) as
a function of spool speed and compressor inlet temperature, F11 gives the
nominal eetting for the BLD (ABLB) as a function of BVOB. These actuator
schedules were obtained from the NASA component model (Reference A=-1).

They were 1:0t used in the linearization program. WNominal gettings for the
IGV and BLD are read in on card C of the program control group.

Functions F12 and F13 are correlations of inlet guide vane pressure ratio
and outlet guide vane pressure ratio with spool speed.

Pressure and temperature rise coefficients for compressor stages 2 through
8 are contained in functions F15 - F118, Thesge coefficients are functions of

a single variable, the flow coefficient ¢i'

Pressure and temperature rise coefficients {or the firat compressor stage are
given by functions F2 and F5,

The coefficients for this stage are functions of both flow coefficient ¢, and
inlet guide vane position,
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Burner efficiency is presented as a function of the parameter PB + (TB-TCD)
in F119 where PB is burner pressure, TB is burner temperature, and TCD
is compressor discharge temperature.

The constant KWB is determined as a function of gpool speed in F120, This
constant is used to determine the pressure loss in the burner.

The function F3 and F4 contain steady-state turbine performance data. The
parameter WT * TB/N - PB where WT is turbine airflow is given as a func-
tion of turbine pressure ratio and the parameter N/ '\/ﬁ in F2, Turbine
enthalpy drop AHT divided by N - \/TB is given as a function of the same two
parameters, PT/PB and N/ ‘\/Tﬁ. in F4,

NONLINEAR ENGINE SIMULATION

The nonlinear engine simulation program is discussed in this subsection.

This program is a fortran version of the NASA component model of Reference
A-1. A Fortran listing of the program is presented in Table A-1, A listing of
the reduced-order component model is presented in Table A-2.

- The function of this program is to sirmulate the trensient response of the
: engine to changes in full flow, exhaust area, inle: guide vane position and
compressor bleed position,

A flowchart of the program is presented in Figure A-4, Computations per-
formed in the prograr are summarized in the following paragraphs. A
detailed description of the software is contained in Reference A-1 and in
Sect.on II, Volume I of this report.

First, nominal values of spool speed (N), geometry control positions (A 8
IGV, BLD), compressor inlet pressure and temperature (Po, To), nozzle

AR £ sk 7 T, MR




discharge pressure (PB) and rotor torque load (SPLC) are read \n, These
parameters define the nominal operating condition for the engine,

A steady-state trim point corresponding to these ncminal input parameters is
computed next. The fuel flow required to maintain nominal spool speed is
calculated in addition to initial values of all the engine states X(o) and
responses r(o). It shouid be noted that the section of the program which per-
forms these calculations is identical to the TRIM routine included 1n the
linearizx.ion program; A detailed discussion of the TRIM routine is includec
in the documentation of the lirearization program,

Next the control positions u(T) defining the trarsient to be simulated are
read in, The u vector includes fuel flow, exhaust area, inlet guide vane
position and compressor blecd position,

The time increment AT ad srmulation stop time FINTIME are defined in
the following step. Then time is initialized and the time corresponding to the
first integration step is computed.

T = T+ AT
Engine dyramic3 are computed in the next two steps from the nonlinear
engine model contained in subroutine DYNAMIC. This nonlinear model is

described in detail in Section II, Volume I of this report. Time derivativ:s
of the engine states are computed from the nonlinear function. f,

x(T) = f[x(T), ~(T), u(T)]

and updated valu»s of the responses are computed fror: the norlinear
function h

r{T + AT) = h[x(1), 'T), u(T)]
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The derivatives are then integrated with a four point Runge Kutta integration
routine to determiue the value of the states at time T + AT,

T+AT
x(T + AT) = x(T) + x(T)dT

In the final astep in the program, the current value o. time is compared with
the stop time. If T 2 FINTIME, the program exits from the integration loop.
If T < FINTIME, the routine returns to station 1 for an additional integration
step.
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Table A-1., Noniinear Engine Simulation Program
aFIRTRAN LSso0 A®00 .
14 DIMENSION TGV (92),A(R014PVI20)aTV(P ™, aYYL(18)oXNL(17)0222(196)
2 NIMENSION L(29),V (203 sKGAL (2002, cul20)aKNR(8) »RAD (8} sXKRAD(S)
3 olmension ka¢30)
.t DIMENSION TWY (20),WD(20)2WV(20)sKaLD(S; DPRE(14)
LY} C-MMAN/TDATA/TIME,DT, ISTEPINICOT
6! COMMBN/DATA/X(39) 41 (3)oETAL3) 2DXN(#0)aDX (401207 (80} 2CLM (D),
v 1XVOL 1GAKGAL 1GIKYALOG, KGALOGS RTHOs ABLIKIGY s WTCoKVBLCDKAALCD s TR: %53
83 22K3ALBIKVELBAHT  TTaP T KA sKRswToHCDIPO s wNIKNABIKSPEERIKF IOV 1OVP
9! LI
101 REAL 1CTwvO, ICWYD
11! REAL k5,K8aNC1sICN,NCIN, 1GVPR. JGVoKY 2 K3 Ka2KASKT s Lo KOALAKYOL
12: REAL KYOLOG,KGALBG,KVOLCO,KGALCD,KGALB)KNB,KVOLE,KVELT,KSPEED _
13: REAL KFIGY/NCXaKNRIKRAD,KASKAGY s KNABSNRTTB) ICPVOs 1CWD0, 1SN0, 1CWVY
14 REAL ICTWVL  ICWER, ICHV2, 1CTWYR) 1CWDT2 1CWYD JCTHY . JCWDA ICHVA
1% REAL TCTwWya, ICDB, ICWVE, 1CTWVS; 1CW NG, ICHVE: 1CTWYSE, 1CWDYs ICHYY
168 REAL ITTHYT,ICWDR, ICWVE, ICTWVE, ICTHEG, ICWAGY, ICWDOE, ICTWCD, ICKCD
178 REAL rChOCD.ICNBaICPB;XCHB-!CRY.!CRHT.ICHFnPoNCgaNCSoNCb:NCS:NCA
18 REAL NC7.NC8aNDEMD, ITER, IMPL, INTGRL,K]C .
19: REAL kA8 1CADBG,N,NDT
20! REA, xBLDIK2INRAT,kG/LIGIKVOL LG
t 1% EQUIVALENGE ¢ ICwDOaWLOsX (3 1) o 1CWVOLWVOLX (2 1) e (ICTWVOSTHVAIX( D )
[ 7 H 1 Yo CTCWD L. WD X8 D)ot ICHYLaUVIaX(B 1) (JCTWMLaTHVL2X(6 }§
23: 2 To(ICWE2,WD2,X (7 ), (1CWV2,WY2,X(8 ) ), (JCTWV2, TWVRaX(D. )
24! 3 Vo ICWDIawD3ax(10) )2 (1CAVIIWVIaxX (1) a0 CTWYIL YYIaxtiR)
2s! . 1o CICWDUs WDA o x(13) )0 (TCWybaWyhox (48] ) s (JCTWyAs Ty, x(18)
¢! 5 1ot ICWOBAWOS, k(161 )y (ICWYS2RVOIX(LT) ) ( 1ATWYS, TUVBX(18)
27! 6 1oL TCWDEs WD6X{19) 12 ¢ 1CWVE-WYAIX(20)) o (1CTWVGS TWVELX(EY) -
28t y 1o CICWOT WDT p X (821 ), (ITWVT2WV7 XA} ) o ( JCTWYT, THVT X (RS)
29: 8 10 CICWDBIWDBaX(2%)1 )2 ( ITWVB/ WYBAX(26))4 (1CYWYBITWVRIXLET)
k 'sH 9 1o 1CWORGAWDOGIX(28) )12t TLWOGVIWBAYIX(29) 1ot ICTWOR, THWOBLXLID) )
T A #(1CWOCDIWDCO X (21) )¢ TCWCD,WCDaX(32) )2 (1CTWCDITWED) X (33)) ’
338 ] s {ICW3swBaX(34) ) a( 1CPBAPB, X(28))
i c #(1CHB,MB,X(36) ), (1CRHT,RMT, X 37)),(ICRT,RT, "~8))
a1t 0 P IONINGX (A9 Do tWRa (1)) 1BVE. Ut2))a(ABIU(S)  PRIETA(Y))
3s: E 2(T2IETA(R )2 (PBIETA(I))
'Y EQUIVALENCE (A4D0DY  4DX(4 ))alwvODT 4DX(2 }atT T aDXt3 )2
37 1 (0157 sOxce 1) (wVIDT  HDX(S 1)1a( T T oA0X(6 V)
38 2 (w02DY  4OX(T 1) alwvaDT  2DX(8 M)a(TWV.. -DX(9 ))o
39 3 (WDIDT  ,OX(10)),(WVIDT  ,DX(31)),(Tuy30: (iR},
40! . (ADBLT  2DX(I3))a(WYADT  2DX(L8)) 2t ThvapT X (18))e
LT 5 {whSDT  2DX(16))s (WySDT 40X (17))a(TWySDT sux(1B))s
a2 6 (WOBDT 40X (191)s(WVSDT  2DX(20))2(TWVEDT 20X(231)s .
LY 7 (WD70T  2DX(221 o (WVTDT  2DX(23)2(TWVIDT LOX(20))0
L Y] s (WDBDT  ,DX{(25)),(WVEDT ,0X(26:),(TWVEDY ,DX(27)),
45 9 (WDBGDT 2DX(28))s(wlGVDY .ozct!))o(vuongf oUX(30) )2
Lot A (WDCODT »Ox(31))4(WCODT  HOx(I2)) ¢ TWCODT #OX(DIV 12
47 [} iwdD?Y 20X (34))s:PBRDY 23X(38))1a ..
TH c {HBOT 20X(37)) 2 (RHTDT  sDX138))2(RTDY A0X(329) )2 . .
493 o} {NDTY +Dx(39))
%ot REWIND 3
B84 8099 CONTINUE
82 rND1 4
833 RND240 -
L READ (%2 8030)NusNUsNES DRERT —_—
851 8030 FORMAT(3[2,GL2+5)
- TY] REWINL 7
87 DATYA (DPRBI(I}2In1si8)/e60s7026E0bse7027007E4208Co6098Ewd)00506¢9
Ba: 10854006, 96E08+697,6056Ewas 140, 7038E=4/
593 DATA (KaLD(1)slutaB)/2e000101072521+0572514048803004/




Table A-1, Nonlinear Engine Simulation Program (Continued)

&6c: NATA (KGAL(D) o luls8) /066420 rP 7942 1a27247022640702240R4042187%4422}
613 185.,20439./
67: AT (KvRL (1) lat108)/1091070303 104097975 700R372943047211+2953213
63! {es787: 101219/
6.; MATA Ty (1) 1a82P01 /8016000215510 7/
651 PATA (Tuvi 1y 1atsP0)/P02106/
6k DATA (WD (1),1e1,P0)7270304/
67: JAYA (W (1)s141420)/7208001/
6y READ(?(luy(D)ala1a1B)
60 P11 oFNISET(La LY 49080 )
7~ READ(?)tTuV(l)etas,38)
74 Flu afNISET(MLIGV 219040%)
72 READ(Z)(Tavilyaleta20)
&N F12 «FNISET(2,106V,10,2,2)
Y READ (T (Tuviyslatsity
758 F13 «FNISET (3,1GVe90 323
Te: READETI(Juvilyaley,u0)
77t FI15 oFN1SET(Balev 2200007
Tal FEAY (1) (1LY aTutsed)
79: READ(RIB77)( 1LV )aTatsnd)
803 R77 FURATI10F3e4)
81 Fig JFNISET(6, 10V 42148,
Br: READ(2)(Tuvi)alsi, 34
LY H F17 oFNISET(7.1GV 417410000
8, READ () tuViTyatnt, 28
LT AV ETLYY F SRR ELAR VR FIVEKLY]
. 8,.: FIR afNISET (R, TGV 21312013
87 REAN (7)1, viT)elnls38)
g0t F19 «fFNISET(9,16V  21R214215)
8y: READ(THTLYI) 2 1as36)
’ ¢! Tavia) by
9y FEAY 62877y (Vi alutang)
9pt r110eeN{SEY (1.2 10Ve20016017)
9a: READ 7))t Igvi] 181,32
9! Fl11afFNISET (11016 »16418419)
9% READIZ)LIGYE T )2 legs3R)
LT RELD(5ap77)( 1V I1)01nt036)
97 Fl1paFNISET {122 16GV,18420021)
9 READ (21 Tuvi ]y iutsPe)
99 FlidaFNISET(1921GY 213022220
1008 REASCICTGY( L) e lnls2g)
10¢: REAY(ReIBTZ)(Igvi]ystals28)
§02¢ FliuaFNISET 14,16V ,13,24,25)
103 YOI ARR AR EVEFY P I8}
104 FligafFNISET (162 1GV  218,26227)
10R: REAN (7)1 (IGVIT e Tet,28)
1061 REAN R BRI ¢ 1avilyatatla2e)
107: F1'64~N1SET (160 106vs13,28,29)
; 1042 e 7ileviTielel1a30)
Y 109! Foot=r 2 SET(17016V 215230031)
: 11r, READ . (Tuvilieleir32)
; 1y RLAY(E R77ICIGVE]Y ) Ta1,32)
; 118! FL1AaFNISLY (1R IGY #§ks37:3)
113: READ (Y ( TV aln],28)
: {12 FL19aFNISET (192 1GV 214,34, 3%)
= 11%¢ READ(Z)(TuV()sleye26)
a tle: 120 FNISLT (252 DPREY236217)
; 1173 REAY 70 TuVlyalngaed)
' 11a: F121aFN{SET (21 1GVY »20+38:79)
IR L L HEAN Ty A Ty alet,20

; ) 1201 NEAR (T (L), Ta,20)




Table A-1, Nonlinear Engine Simulation Program (Ceontinued)

9773

1601
1402
1673

REANt7)tvt 1o}

READ(2) ¢1GY (1)als1a20)
REAR(7)(IGY (1)elx122C)
READ(7) (kAD( )2 1a148)

READ(7) (nRAC(1VaTng01d)

REAP (7)) (+vi D)o lut1s20)

MEAD (7 (1GveI)alale2)
READ(7)(yYi(1)alalsD)

READ(7) tax1(1)alalsld)
REAP(7)(221¢1)alulasbl)
Fia FNESET(1axX1aYY1222151 %512
READ(7) (nAt])a101,30)

READ (7 (yyitl)atataw

READ(7) (ax1([)olalsl )y

NEANI?) (L21C1),101,64)
F2 » FNPSLT(2aXX10YY10201017 04004
REAR(7)(yYiel), Tutsluy

REAN{7) (xx1(1)slalale)

READ (7) (¢21t 1 alelelnen

nY 3773 la1.43

1Jagfa"!

NELANIS!
221000 e2210 1)

2210148) e e0bun
wRITE( 941002

wRITE 916010 (YYL (D) alatr1®)
WRITE (9, 1607)
WRITE(T, 16011 (Xx1(11, el 1)
WRITE(9,1603)
WRITE (9016013221t alatr19R)
WR1TF (9, 16002)

F3 & FNZSET(Aanx1aYYLalta1hs100006)
REAN( 7y (rYi(D)alatodu)

NEAR (73 (axqtI)aluiate)
EAN(7) (21t 1) 1014196)
FHRMAT(]3F9.4)
FARMAT(1Y)
FURMAT( /)
225 (96 tne9y
E& o FNPSET(6oxX1aYY10220014014+704)
READ(Re877)(YYL(1)almise)
READ(EdR7 7Y (Xx1{ TVl sl
rbAs(Ren?721(223 (e lesef)
EOeFraBE T (S, Xx1,YY8,221417,4,9,12)

e1,23)
)

pARAMe TE Ry

wAKa

l535[.)-1

Tluse17000

BEA YV (csRNph ) NIAT AR  TAGS w INGR,FA5E, 5PLC
Pt aT{RGI PR

pRITF (9, 0066) RAT, AP, 1365, WINGS,Fagis,SPLC
b?l1“.7

T2aiyae?

nUEani

K & 014155/ 160 .
«2uTee3PelVsB 20/ (] eK])

PELEUANE SR T B

«4n{SA04Re17e)/1760C e

AT 1237
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1878
18733
184
185
18s2
187
18r¢
189:
1908
191
192
194¢
194:
195:¢
19¢:
197:
198
199:
20n:
201
209!
2033
20e:
2063
o6t
207:
a0Aa:
209!
2ict
2118
12
213:
2la:
218
2iet
2173
21nt
219:
280!
224!
222!
223:
224t
2%
4 226!
3 287!
g 2281
22a!

4 23n;
9 23¢:
2 232:
233:

234

E 235

4 ; L 236
i 7 237:
s 238!
* 239;
4 2408
A 241
247!

e

o s
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B074

R073

5901

Table A=1, Nonlinear Engine Simulation Program (Continued)

<vALIGeAe ]
CIALAG 3 2267 e

AVALAG a 16eY
<5ALCh s 0730,
KVHLCE o 1e8Ry

CIALR » §47r,

KVALA ® 24649

«AB » *0NbLES

VALY 8 {4018

«SPEED o 13R4000
1CNSNRAT L1630 ¢

Plgn2

pPlenn

TV & T;

BTHY & SGRTLTVO/B18:7)
ACY w l¢N/RTHPD

ACIN 4 NCL/16500s

8ve » FUNg(12NCINS TVO Y
I LVLINEVEVAR N
YaVvPRFUN (2)NC 1N, 2)
pUVPRGFLNY (3 (L1, 3
TV « T2

08 4n KagsN5SP

FAR,FABLS

TalTﬁﬁs

wiNgwINGS

NAMygey

BV(10) o« P2elLVFR e onQGeF?

CHNT INUE
WO10)9alN=FLuyAT(K=1)snwDEL
1TER1aITERL+t
«FlovaXKGALTUe (P2epV (191 /7(WDI1Me4D(10))
W3Ls0e

pILTRLED

TF(GENSE awlYCH 3)8073,8074
CUNTINUE

TFe11TenEal) GOTH Sa0d

CYNT INUE

Jso0

WRITE (5)5() ICNsAQLsBVE, IGVPR,BGVPR
wWRITE (6451

wHRITE(6,58) J/PVIL0)»TV(10),40¢10)
CHUNT INUE

o 20 leifatn

J» IUIQ

DELXx & FV(I®l)/ 14,7

RThx o SORT(TViI®1,/51847)

NCx & ICN/RTHX

WO(T)aWD(]=y)ewBL

FPYaWD{T)aRTHY/ (DELX®A(]))
VETXaA(JI+FPXO(KA(J#10)eFPYX oAl Je2D) )
«NAD( J) = wieRAC ()

PRI o VZIX/URRAD( ) eNEX)

3% TR (102030405060 70R)0y

CUNT INUE

BSIPy 8 FUNP(2sPHIXBVE,3)

PRI YxeFUNZ (RrkRIXIBYV0.9)
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303; RO77 CONTINUE

1
Table A-1. Nonlinear Engine Simulation Program (Continued) ;
2633 I RARINY ;
244! 2 CUNTINUL T
245 OS1axaFLNItRsPHIX)8) ’
24e! OS]ty aFUNL (F sPHETIxoB
247 5718 40
2442 3 CUNTINVE
249 OS1axaFLNl(7.PHIXI1IC)
s PSITxaFUNY (A 1PHIX12)
251! g%Ta 10
25z2: 4 CHUNTINUE
2573 ES1PxaFUN ta,PHIX,)14)
2%4; FSITxaFUNI (10,PHIX,16)
255 6%79 10
25«1 5 COUNTINUE
257¢ BSIPxaFUNI(11,PKIX218) .
25R: STy aFUNL(12,PK]Ix220)
2591 G917 40 ;
2601 & CHNTINUE :
264 PSP FUNL(13,PHIx,?2)
267 PO TxeFUNY({0sPHIXs24)
263: 5870 40
264 ¥ CHNTINUE
268 b5 PxefUNL(15,PH]X,26)
Pén: P3ITxeFUNI(16,P) IxsP8)
267! GITH 40
265! 8 CYNTINUE
269: PSSO eFUN](17sP+1xs30)
2704 PSITxaFUNL (18,PF1X,32) .
271 10 CINTINUE
272! UNR(Jyo( ICNaRAD (J) ) es2/K?
273 BYI1) o Py(lel)alle+PSIPXeNRIJI/TV(Tel))nad s
2742 TVID) & Tv(lei)okKNR(J)ePSITX .
27 TAVETYREV (D) /VRLEY) :
273 WV aTavi ) 2TV e !
277 P a PV(])/OY(]wl) i
27x: WALaKBLE { J) oAl ePV(T) /BURTITVIIY) b
279: TF(JeEQe3) ABL3mwhL
e8! IF{UsEWed) aBL4wwpL
284: 1FtUrEQeD) ~BLEwWAL
2858 WILTRLSnBLTELenwELsTV(])
FLEH IFISENSE SWITCH 318n75,8078
2842 RD76 CUNTINUE
28 IFCTITeNE]) 5BTR 5902
284 Ro75 CUNTINUE
287: P MITEC6, L2 PV 1) a TV awDIT) 24BLIPSTTXsvZ TR4PHIXsPSIPX PR
28 59792 CUNTINUE
289: 20 CUNTINUE
29n: Jooin
291: PYGY « Pv(1H)eB(vPR
297: Tonv e Tv(ia)
3 293¢ wI5vanliia)
3 294 UGV , RGALAG(FV(1R)=PAGV) /W iVaa?
3 29%: T495 o« PO V/KyBLH;
] 29¢: wlA5 o TwtG/TRGY
3 297 PR33.000y/P?
3 298¢ TR23a TGy, TR
: 29a: EFF230(PR2Ies e 20801 )/(TR22aly)
3 ace: 1F(SENSE SWITOH 3)8077,807A -
4 301: 8078 CUNTINUE
4 kI IFeITenEsty ,879 5907
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Table A-1, Nonlinear Engine Simulation Program (Continued)

3043
305;
30¢
307
30a:
3009
30
gy
312t
3138
34
ke
316!
37
Jal
RS-
3ac:
321
3g2:
323
326
388!
32et
327¢
3281
329
33c:
334
335
3338
3348
33k,
3343
337
33s¢
339:
KL L
36
kLM
kL H
KL%
KL
ELT R
673
482
3493
k1T
3%1:
35z¢
3%33
kLT
3858
k1-TX
3578
3553
3509
36
361
3623
361
k1.1

5903

8171
8170

5904

220

221

80314

2972

AN

223

224

wRITE(6,53)
WMITE(6,82) rPBGY, TOGV,4PGVwBLTBL2EFF23,PR234TR2)I
CUNTINUE

J = 11

PCD « PBGY

TCDs TAGY

CALL PRECOM(0+s TCO2CPCOIGMCD 2 GMCDXIHEDS IFA)
wCD s WwBLV

TACD = FCu/xval.Ch

WJOCD & TWCD/TCD

wICae033anDiio)
DLWHCaHCO2wCD+ o 24 (WBLTEL=WOD(10)1#TV(10))+SPLC
KNAR oFUNY (P12ICN, 3R} 00975

IF(SENSE SWITCH 33817048171

CUNTINUE

IFCITIeNESY) 3BTH 5904

CINTINVE

WRITE(6,54)

WRITF (6,521 JsPCDsTCDAWCOs aTCHDLAWHCIKNAG
CUNTINUE

J"12

KWBsFUNL (20, MRAT,36)

PEYT < LI

IF(ITERY4EQvy) PTue352PCD

DPYxeye

CONTINUE

1TERP ITERDey

QIBx.p5-

wIALN(1eaFAB)onY

NRTYRLICN/BLRTITR)

1TER3a1TER3

CELPA * KnBowneeP/PCDo(e771aTCD=eQB%eTH)
P33 o PCL=LELP:

PIDLTR s FBe(TBeTCD)

ETA3 #FUNI(194PRNLTRSIN)

PTea o PT/PR

CRTNTY w FUNZ(4)PTPRINRTTR,7)
NHYePHTINTS R [CAN/Z 10000 SYRT{TA)

CALL PRBCUM(FAB, TR, CPI, MR, 34X 1Y, IFA)
1F (SENSE SwlTCH 4)8098, 8091

CUNT INUE

wTlewn® (126000 ETARaNCD )/ (1R6500ETYARMT,
IFCIFASGTag) GBTR 8074
wWIEQRLALS(WTL=wTRLD)

1F(WTERRW,T4eem00%) GOBTH P23

CHATINUE

hrlnTj'nB

FABGWF /Al

h“-aT’OnYL

L2918 224

IFtaTeo  Tonn) wTlauB
TF(aT4vGTe(nBele067623)) wTin1e067623 0l
VISLU-“T]

8T8 a072

wI9 DalnTisre T D)0 oS

wFaeTpLL=nB

FABawt /we

ALY

CENTINUE

Mlan T/ nNe (HBaDET ) 4w TC/WNG HCD
hﬂQ.(ﬂLnHCOaN.HY-uCC.wTC’,wfi
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Table A-1. Nonlicear Engine Simulation Program (Continued)

365 TSEHRIHbR-Ht\ -
366! IF(TBERR:LTerO05) GATE 225

3673 IF(TRERR. L, Teee0COD) GOTE 22R

36a; GoYTe 229

2691 225 1F(DTBX)226,2262227

3798 226 DTBXa=0TBre.5

371: 227 Y3eTp.DTaax

372: gove 221

373: 228 1F(DTaX)227+227:226

3748 229 CUNTINUE

37s: 03eTap0/PT

378t IF(ropTee528)2332233,230

377: 230 1F(PoPTe14)2320231,231

3788 231 wWNTLNPEDS i

379: ghre 234
385 232 WNTKNP® G0PTen(10/104)eSORT(1+=POPTas(ek/ieb))
381 cure 234

3872 233 wNTNgs 2588
3832 234 CUNTINUE

384t wITNPBSFUNZ(3,PTPBINRTTE.S)
3852 wT2.wTTNPdePB/ TBe ICN
IBg: PTERRLWTZ=WT]

87: 240 IF(PTERR.(T.e0005) GOTE 241
T H IF(PTERR. | Taw 0008) GATH 245
389: 8T8 250

39c: 261 IF(DPTX)242,2424743
i 39y 242 DPTXe=DPTX®s5

} 3928 243 PTapT,DPT, .
: 393: 381 225

1963 245 IF(DPTX)243s2432P42
3951 250 CYNTINUVE

396! FATawF /N
399! TraTFNH{1,FAT,HT,TY) :
3942 IF (SENSE SKITCH 4)8098,8092 !
3991 8092 CYNTINUE |
' 400 whxs (KNARSPTaWNTKNPeAB) /SRTLTT) :
| IN-PR WNERR & WNX =W :
! 802} IFt1T1skQely GOTR 60
! 'LEH 1F {WNERK W Te s 50B) GOTA 5551
- #0u: IF(WNERR L Yee o 00%) GOTE 5955
F 40s? 11ley
e 4088 8718 99

07 5951 IF(DWINX)5952,5952,5953
4OR: 5952 DAINXe"DWiNxe5
209! 5953 wiNgwINeDwlIhX

#i0t GYTe 99

#1y: 3955 1F (DWINX)5953,5953,5952

012t 60 CENTINVE

“i3t ChwHTaHEa wT{eHCCowTCeHT e wh

elet wFM o 260QeenF

is: wHITE (6,50)

#lee WRITE(6252) JsFBrTBsWRIETABIHB,PTPBINRTTE,DHTNTE) nTTNPE

817: J v i3

wine wR1TE(6,57)

4191 thTE(5a52}J;P707T0hT1:iF:HTaDLHHY:NNoHNTKNPIAB

Y 5 WRITE (86,2108 ITERy, ITERR) ITER)

4211 2198 FURMATI{HOs5XsBHITERL o 15,5xs8HITER2 o 15,5X,8HITERS » 15) )
“2p! 50 FURMAT(IH]/xs8WN o sFBa2ss6HARL o sFBessaXs6HpYD o sFBadsbxs

IYEL SRMIGVPR & sFRebsaxXsBHAGVPR & sFRok)

Y% 51 FHRMAT(1HO,3X,1HJ,5X,5HPY (1) 9%, 5WTV(1),9x, 5HWD(J) ,BX,6HNBL(J),BX

s2x eeMRSIT JoBNr6RvZTiu)sAxs6MpRE (312 7K0 7HRE1RT U 19X SHPRI D) .

52
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iy . Table A-1. Nonlinear Engine Simulation Program (Contimed)
A
‘% - #2¢c: 52 FERMAT(1 Q2 T8,9G us5)
i 27 33 FORMAT(ng,ax,trJ,bx,hHPQGv,lox.‘HTQGV.lOla'““95'.5‘-6““5L75L-9x05
Sz a2n: IHEFF23210x24HPR2T, 10X AHTR2T)
3 ue;: 54 Fﬂﬂnff(1H003x.1hJ:7Xp3HPchlllrSHTc00ll!!SﬂHCD'llltS“HTCa9X'5“°L‘“
5 »35: 1C2 10 SHKNAR)
) ‘3 31 S6 FURMAT(IHLA3X)1FJsBXa2HPRL 1PXeDHTE, 12X22Wa8s 19X ANETAN ) 12X PHIFE,
. ’ 032: 140X+ 4HPTPEs 9%, SHNRTTB, BX s 6HDOHTNTD, 8X s 6Ha TTNPB)
, g 433 57 FORMATCLHG,, X, 1)) BX, 2HPT 12U, 2HT T, 12X 5 2HaT, 12X 0 2HWF 12X, 2HHT , 90,5
) 3 o341 LHOLWHT 2128 P7haNs B2 6HANTKNP 2 1 2% 2 21AR)
') )G 4353 1CPVO » PV(10)
e i% 4363 1CADO*W0D (1)
T8 437; [ {<CHILT TR
A | #3818 1CWVIeWV(11)
{ 39¢ 1ICTavIeTuvill)
‘4 NS 1CWD29WD(12)
. A by ICwv2aWy(12)
"3 Y FH ICTwv2eThv(12)
3 ah3 ICAD3*nD(13)
L 1TY 1CwyvIeny {13)
E sds5¢ 1ICTuV3s Ty (13)
E YT ICWDa*RD(14)
2 by ICwVasWy (14)
R Y Y 1ICTavasTwy(lh)
p #492 Icao5e.D(16)
3 #3502 ICWVvBanWv(15)
. ST 1ICTavseTwyv(15)
4 4523 LewDernDi 16
’ ] . 4532 IChvhanwy (16}
' N #5412 1CTaverTwv(16)
55 Icdb7euD(17)
. o542 1CWV7alyii?)
#57¢ ICTWV7sTuviL7)
NTH lcaD8ewD(18)
459 JCavRaWy (18
1Y To¥! ICTvAaTwy (1)
86y 1CTuBG s TwdG
(1 1M ICWBGY = wBGV
nb3: 1C#DBG = wDBG
464 1CTWCD = TwCD
1.1} 1CWED » weh
abp? 1CWDCD & ADCD
aby! ICWB o wB
(11 Y CPy » Py
693 CHB = HB
e70: 1CRT <PT/k4/TT
o748 1CRAMT » WTaICRT
872! 1ICTWvo s ICPVO/KkVALIG
473 1Cwvo * 1CTWV0/TVO
8743 DY 298 l.1.R
783 1§a1410
07 GAL (11 enGALt])
477 298 «KVOLLI1)exvBL(])Y
478: READ (5290111 (Dx(1)alataNX)
479 9011 FORMAT(BELDs&)
«80¢ IF(OX(1)sNE«Ds) GATO 9701
oy cCCup,
. o823 GYYs 9702
4831 9701 CONTINUE
alys D8 9012 Iepabx
2 85! 9012 OX(1)e2ea0X(I)
. #8p¢ CCCavnlox(11/7DX(1)
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Table A-1. Nonlinear Engine Simulation Program (Continued)

o878 9702 CYUNTINME

P
[
)

.1 DB 9013 lslsNx

+892 OX(1)eDx(1YaCCC

490! 9013 x{Iyex(I)eDxt])

494 WRITE() (x (1) s 1u1,NX)

923 READ (529014 )DELT2FINTIAE,PRDFL,TDEL

493 9014 FORMAT(MG]25)

eV ptepELT .
4951 TIMEaQe .
49 DIHIDELY..S E
497 NXUE o NX ¢ NUONE %
49a¢ SIGNag k
49a: WRITE (9,8061) 3
s00¢ WRITE (9,8060) (x(1)sTalanx) o
501¢ BU6D FURMATIE2QeR) p
500% 8061 FORMAT(1M]) 1
S03: 3333 CUNTINUE 1
5043 ISTEPLQ

LY nigara0 2
506 CALL DYNAFA,PV,aTV,KGAL sXVOL , kKNI RAD s XRAD »KA» TavsuDsnvVs<8LD,IPAR) -
507: YIMERTIMESDELT !
508 1F (ABS{TIME=PRDEL ) sGTe e00Q001Y 30TO 3333

509! PRDEL oPRDEL+BUTDEL .
510¢ WHITE(3)ta(])sIsl,N)

511: IF(ABS(TIME-FINTIMEY.GT 00000 ) GOYS 3333

512¢ 2098 CONTINUE

5iat PAUSE -
51,8 G810 2099

5158 END
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Table A~1. Nonlinear Engine Simulation Program (Continued)

FUNCTION INTGRL(IC,DXOT)
CUMMBN/TDATA/TIME,DT, ISTEP,NICOY
DIMENSIEN G800 8),XK(40)

REAL 1€, INTGRL

IFLISTEP«NECD) GATO 2
IFINICOTeNESD) GOTS |

Nla39

NICOTLNICETs1
GINICAT,1)sDYeDXDT
XC(NICOT)sIC

INTGRLOXK (NICBT)eeSaGINICOTS])
IF(NICOT.e0sNI) ISTEPs]

RE TURN

nICOTeNICET+y
GOTB(324s5) s STEP
GI(NICAT,2)eDT4DXDT
INTGRLaXK(NICOT )4 +5G(NICOT,2)
IFINICOTLEQeN]I) ISTEPa2

RETURN

GINICBT,3)eDT.0DXDT

INTGRLE 3K (NICBT)+G(NICOT, 3)
IFINICOTVEQeNT) ISTEPe3
RETURN

GINICOT,4)eDT,DXDT

f?TGQL'XK(NlCﬂT)t(G(NIcBTo1102-»G(N155T12)oa-oG(NIc07:3)bG(Nlc071t
1)) 760

1F(NJCOTaEQeNT) 1STEPmA
RETURN
END

FUNCTION TFNHNXsFAXaHX,TV)
pIMENSIBN Ty (20)

DIxasge

TReTv(NX)

CALL PRBCUM(FAX,TxsCPXsGMXsGMuXs Y] IFA)
IF{IFA¢LT.1) GOTE 70
TXERR L HX oHX{
IF(TXERRW;Toeg01) GOTA 52
1F I TxERPR. Teeo001) GOTO 55
GUT8 40

1F(DTx)153,53:54
DixueDTX0e8

TXaTxeDTx

GgY79 s1

1F (D% )Su,54153

CINTINUE

CUNTINUE

TR TX

TY(NX)eTx

RETURN

END

[,




Table A-1, Nonlinear Engine Simulation Program (Continued)

1t SUpRAUTING PRACEM (FARK I TEXsCP,GMsGMx s Ry IFA)
P 1FAun
2! IF(FARX.GYeNe) GATO 2 .
i FARXs®
53 1FAsl
6: GHTR 3
7t 2 IF(FARXeLToe0a7¢23) GOTH 2
[ F‘ﬂx.-057523
a3 1Fasy
int 3 IF{TEX"1500s! 2C21Q05
112 5 IF(TEx*LTobr05e) GOTO 7
12 Texaar,0D
132 IFCIFAsEG.1) ,8TH sC
1at 1F A2
15;: RYTA 46
16! 50 JF AR
17: suTe 16
122 7 IF(TEX=p3(,0¢) 9st1usF
19! B IF(YEx=2500+) 14216216
2¢: 9 IF(TEx"20C0s) 1Cr12217
ey 10 (PA a *26aMeR.6E=F4(TEX=15000)
22! A w (92251901 079PE=5eTEX) o TEX+P+3733
23 GY TR &g
2u: 12 CPA 5 42773R¢1 e L2E =B (TEX=2000)
25 Ay [ 92201941 0P9PE-5TEX ) TEXeP #3733
2e: G2 TR 4
27: 14 CPA & 92773241 eRPESa(TEX=200Q0)
28 pA 4 (925987450 36E-6rTEX) s TEX=37 0404
29 GY Th &)
30: 16 C”A 5 +2865+1,17E-50( TEX=2500,) ’
31: WA 4 (e2E9RT7¢5.36Eebe TEX o TEX 37 9404
3z: B rA &)
33 20 IF(TEX*CT300+) GOTB 21 .
k'Y TExs300.
35: IF(1FAsEQel) OB 54
3y: 5HTA 24
k.Y 51 IF a3
kY 58TH o4

LhH 21 IF(TEx"90u+) 2322822
LI 22 IF(TEx=1200«) 28230230

33 23 IF(TEx®700%) 7#s26s7F6

32 24 (PA 5 223924110 =5«(TEX=5000)

e WA 5 (922623410176E=5eTEx) e TExeReS214
[T} a3 1A W

['TH 26 (PA o 9241442 4E=B0(TEX=T7000}

47: kA g (922623+10126AE*5aTEX) e TEX4:5216
45t 29 TR &)

493 28 CCPA & *24584341E5e(TEX®9000)

S;: HA 5 (02262741 0126E=5eTExX)1aTExe2e5218
5!: gq ™™ &2

5p¢ 30 CP4 = e24bRe31E=Sa(TEX-900)

53: bA (0P PE19¢1¢292Ee5aTEX ) s TEX42 03733
Su: 0 CPF » 29333«(5¢87F25¢3027E=8e(IT00e«TEX) ) w(IB00e=TEX)
5e WF s [{950899460180E"5aTEX)sTEX=1324720
LT CP s (CPASFAkXeCPF )/ (1eeFARX)

57: M o8 (HA+FARyarF )/ (lesFARX)

5R: A 8 2Re9T7 =0 F4E1RGF ARY

59 DLXx s 1e98637/AMW .
6,3 G s CP/LPWREX)

61: 3K & (GMeye) /GM

[ TH RETURN

63: END




Table A~1. Nonlinear Engine Simulation Program (Continued)
18 sgoﬂou!lNE DYNAMCASPV, TVax AL s xVOLIXNRIRAD S KRAD KA, THWY, WD WV KBLD
3] 10FRA, . . !
3t DIMENSION Azzbyanvceai.-vc:a).nOALqegl-uvosc!o)axnncO:. 8 ;
o DIMENSION KRAD(B),KA(Y :.Vuv$¢oyouo| 0)aNY (00) 2 KBLD( ) s tiel ;
5t COMMEN/TDATA/TIHE,DY, ISYEP,NTCOY :
: COMMBN/DATA/X (391 4U(3) sETALD) sDXN(40) 2OX(80)2DX1 (A0 2CLUIAOYL . .
7 1690 162KGALIGaKVOLAGSKGALBSS RTHO s ABL 2 KBGOV o -
8 24 XGALBIKVOLBIHT ) TT)PT Kas K22 WY HCDS PO WNs KNABSKSPEED I KF 1GYS K3, 10VP
93 3IR2Tvp
1! REAL 1CTwyQ, ICWYY ;
118 REAL kBskBaNCLs ICNINCIN, TQVPR, 1OV oKL /KD oKSo NG T oL o NOALIKYOL ;
2 REal KVOLOGIKGALBGS KVBLCDSNAALCDIKGALBIKNEKYOLBAKYELT S . ;
13: REAL «F 1GV4NCXs KNRSKRAD S KASKBOV, KNAGS NRYTR, 1CPY Q. 1CHDG, 1CHD L TONYY i
s REAL 1CTWv1sICWDR, [CWY2) ICTRVZS ICWDS, CHVSn;CTHV3axC“DQJ wHve i
{nt REAL 1CTwva, ICWDS, JCWYS, 1CTWVE, 1CHD6s ECUVEs ICTHVEs ICHDT, SCHYY 1
16 REAL ICTwy7,1CWDB, ICWYE, ICTNVE, IC TN, TCWQaY, 1CHO8e ICTHED, JCHED ;
17: REAL ICWOCD,ICWE, ICPB, ICHE,; LCRY, TCRMT, ICHF P, NCR,NCBINCAH, NCE, NCS i
188 REAL NC7:nCRNDEMDS JTERS IMPL S INTGRLSK]E . e—e i
192 REAL KAS, [CWDOGAN,NDT S S :
20: REAL kBLD,K2,NRAT,KGAL 1GsKVOLLG A )
21 EQUIVALENCE (ICWD0swDO#X(1 112 (3CuV0r wvQe (R 1) 2 (1CTWVO TW¥Oex{S )
22: 1 Yo 1CWDYWDL XD )32 ICHVIINYLsXLE ))o(tCTHVtoTuv:ozgg_g
23: 2 Yot ICWDR I WOBAX(T 1) o (ICHVRIWVRIN(D }) o {ICTHYR THVEIXSD §
202 3 1o (ICHDALNDILX(10) 1) (1CHY I NV XL48) )L 1CTHYI, THYIAXSIR)
25: 4 1o { JCWD NI WDAIXL1I) 1o (ICHVRIRVALL(10)) 2 (]CTHY 1 TN
26t 5 1ot JCWDB,WDS,X(16) ) o ¢ TCHYSsWYSax(87)) s (1CTVYS, THYBX48) _
27 6 1o 1CHDH I WDAIN(19) 1o (ICUVGaNVEL X (801 )2 (SCTHVE, THNG+ X 18T ) :
-1H ? ».(xCHovouor;x(z:liullcuvv:uvv.xctt!)o(!cvuv7ovuvvont':i !
291 8 Yot TCWDB, WDB, X(28) 1,5 (ICHVE WV Ba X (86) ), (1CTHVE, TUVE, X ¢BY)
’ 30¢ 9 12 (1CWDBGSWDBGSX(28) )2t ICHOGYWAGY X (293 )t 1CTHOG, YuNALx(80)) i
34 A 2(ICWDCD2WDCOsX (32002 ¢ 1CNED S NCDa (IR )o { 1CTHEDa THCD, X (233) .
328 8 20ICHB A WBAX(30) )2 1CPBsPR,X(38)) .
338 c 2CICHBIMBIX(36) )2 {TCRHTYRMTY ;X (37))a (ICRTLRT, X138)) ) )
4 o] 2UICNGN,X(I9) ), (WF,U(L1)),(BVO,UIR)),cAB U (D)), PR, ETA(LI)) i
358 3 2 (TRsETA(2))stPBETA(S)) _ :
362 EQUIVALENCE (wDQDY ,0x¢4 3)s(WVvODY 5DX¢2 1344 THv0DT 20X(3 33s - ]
3r: {wDyDY  SDXC& )1a(WVLDY JDX(S ) T aDX(6 1) . §
3s: é (WwD20T  ,OX(7 1), (wv2DY ,L,0X(8 )3, (Twyv2DY ,DX(9 )), !
392 3 {WOIDT +DXL10))s (WYIDY  LOXCL1)I2{THVIDT 2pX(1R)) s {
a0 . tWDADT  SDX(19))2 (WyADT 20X (38) )2 THyeDY ,DX(18))> :
a3 5 (WOBDY  ,LDX(56)) 2 (WVSOT SDX(17i00¢TuWBOY LON(18))»
4> 6 (wDEDT ,DX(19))s(uveDY S0X(30122¢ THYSDT ADX(P3))2
43 7 (WD7DT  ,L,DX{221),(WV7DT  ,LOX(231),¢ THVY2DT LOX(28)), _
bl 8 (WOBDY +OX(25) )2 (WVBDT LOX(26)) /¢ THYBDT LDX(B7) )
131 9 (wO8aDT ,»OX({28))» (WOGVDY ooxttvll-gruisg' +0%130) ),
(%] A (WOCDDY ,0X(35))2(WEDDY  ,DX (3811, THCDDTY LOX(ID))»
a7 & (WBDYT  2OX(IN))2(PRDT  LDX(39))»
o c (HBDY  ,Dx(36)),(RHTDT ,Dx(37)),(RIDT ,0x{38)),
49: D (NDT DX(39)}
So: 999 CONTINVE
8y¢ VO » Tnvo‘uvo
823 RTHOBERT (YV0/81847)
83: ABLeFUNL(1s0VRaY)
f Sa: DO 299 [,1.8 .
5 gsz c 299 KNR{i)®(NeRAD{1))asB/x2 _
. 6!
i S7: C DyNanmiCs
53: L
89: C INJE! AND STAGL BONE
c




Table A-1, Nonlinear Engine Simulation Program (Continued) -

61 ALY & NyRJWr .
LT H Oy e NCL/1420C
63 15vPReFuNyC 0rCirp )
3 [ YY) PDY o PZ4|GVFR=N05P?
M [T} TJD T?
: 9 661 PVn suVSLIG  #TwVr
3 67 wInDT 8 KyALlY e« (PTn=PV2)
v (1.} WYODT 8 w0 = wiy
.3 69: TAVIDY s Jeun(TUranlO=TyCanDy)
7. BVesxkvBL({ )Ty
B 71: LY & PVu/is.7
: 72¢ FPY = wG1aRTH /(DFL7 A1)
3 73: vITE 2 «A(1) & kA(11)0EP] + CA(21)sFPJaFpy
E: Ta: PHTL s vZT1/7(xRAD(1)aNCY)
- =3 PSRy & FUN2(2sFH]1:BVO,4)
‘ Tes PSIT eFuUN(S,PHI1,aV0.10)
K 77: P01 PVOE{1+4PSIPIeaxNR(1)/TVDIeeTe5
‘; A 10T oXGLAL (1118 (PD1ePV])
- Ta: WYL Tamilewl?
P 8c: V1« Tavizavit
5 8y 21 & TvQex::R(1)ePSITY
82: TAVINT L e e (T anl]eTV]eun3)
X - 83: C
Ba: € STagk Tuo
. 8 C
'd 8a: PV2 o KyB_(12)eTwyv2
- a8y FIdg o SCRT(Tvi/R18.7)
.EH FCp a N/ZRTHY .
893 DELY = PVi/iee?
9 FP2 a WLPeRTH{/(PELYsA(12))
912 VIT? a «A(2) o XA{17)FP? & XA(PP)aFP2eFP2
9z2 PHIZ o VIT2/7(<RAT(2)e(2) :
93: PSIPPFULNI(B2rH]2, )
- PJp w Pyla{1eePSIFaecNR(2)/TVI) 0305
943 wI2DTLKLAL(12)#(PD2=PVD)
93 WVROTaWlPen3
9y TV? = YU\V'(/'.'V,)
9.: #O1T2aFUN (s LPHTE,9 )
9g; TU2 & TylexnR(2)epP51T2
100: TAVENTE] sy (TH2er2eTvRee™I)
1093 C
102: C STAgzE TugEp
103: C
10«; BV3 o KyB (13)Twy3
1052 KTHs 5 SQRT(Tv2/518:7)
10g: "3 wNARTRHR
107: CELy = PV /1.7
1082 FO3 o WDIaRTHA/(PELZRA[1D))
109: vET3 & xA(3) & A1 D)aEPY & <A(2N)eFP3aFP)
110t eI o VvZTIZ(RAN () e
111 eS5123aFUN](72Ph17,11)
1178 PI3 & Py2s(1eePSTP3aqNRI2)/TV D) ae1,5
1ia: wI3NTLKGALU13) e (PD3=PYVI)
114 TV2 4 Thvis/uvi
118 FiINY 2 SQRYT(Tv3/S18eT)
11¢: WL oMELL () 2ARLePVI/ (< FeRTHT
117: wVINTaASen hentL 3
11+t ESIT3aFUN L« SPHT3.(3) N
1i9: TU3I 5 TyvRen R(3)ePSITI

1208 TAVINTE s ue(T)30uN3=TyIe(hToenal3))




SR

- Table A-1, Nonlinear Engine Simulation Program (Continued)
1
e - 12p: L sTagk FnUR
K 1235 ¢
¥ 1242 PVa s KVBL(1a)eTeve
1 125 +Cas & N/RTHQ
% 1268 BEL3 a Fva/pee? :
3 1278 FP4 5 mCueRTHI/Z(DELIA(]A)) g
: 128¢ vITe 2 nA(d) & cA{18jeFPh o (A(PL)aFPasfPy
_%, 129 PHIW s VZIT4/ (<RAT(&)aNCs)
3 1353 PS104aFUNLLS sPHTHs15) :
. % 131: PUN » PyIa(1+ePSIPe (NR(#)/TVI)aser d
3 132 vORITaKUAL{L14) 8 (PL4=PV4) i
B 133: TVe s TuVvesave
é 134 RTHe ¢ SOnT(Tyes/S18.7)
i 135; w34 eXpLi(8)uAnl ePVa/(x3aRTHAL)
: 136! WVUNT2ADL < kDB anEL
; 137: PaIT4aFUNI(10sPHT4217) o
b 13a! T4 & Ty3exni(4)eP5]ITs :
g 139; TAVAN TR s ke (TD4enTa=TVas (WNSer3LH)) ‘
! ispt C :
ii 189: € STask FiIvE :
3 182: C
1 1%3: BVS o KVAL(1G)eTwV5
4 184 ACS o N/RTHA
i 1451 neLh x Fyasiss?
3 1852 FPE 5 Wi SeRTHG/(TELABA(]5))
1478 VITS » xA(5) o (A(15)FPE o <A(25)aFPBeFP>
148 oHI3 5 v2TR/(xKRAN(5)a%CH)
’ 1493 O51P5 FUN(11,P+15,19)
15¢c: BIE o Pyia(1oePSIPHaqNR(E)/TVU)ew3eE
154 wIENTAKGAL{1%) 8 (PRS*PYS) o
7 . 152¢ TVH a Twvnrzavy P
3 153: KTug 5 SORT(Ty5/518+7) P
-2 1561 wIL5 =XALL(S)eAnlePy5/(<3aRTHS) L
: 15851 »VEIT WEewDE=mpBL S s
N 156: eS1T5.FUNL(12.PHT5s21 ) i
i 157 TI5 o TyasxR(5)eP5ITS :
1 1588 TAVEATo ] eqa (TOSenDE-TySe (nD6s sl =) :
3 159: C :
§ 1603 € 5Tagk Sty
§ 163: C
3 162t oVE » KyBLI16)8Tm b
; 163: wCe & N/RTHS
3 164 DELT & pVO/18.T
i 165: FHP6 u wDEARTHE/ZITELSwA(1E))
1652 viTe & KA(G) + KA(14)aFPR & «A(2&)nFPaeFPL
167: PHle n vIT6/(«RAD(B)eNCE)
168 03 1PheFLNy{{13,PrIE 23
160; P06 & PuSa(]esPSIPEILNR(6)/TVE jenisc
17¢: wWJeDTeKGAL (16)2 | PD6=PVE)
1718 wVEITadlbonl?
172: TVE o Tuvpsave
1733 PSIThaFUNL(14,PF16485)
1742 136 » TuSexNFi(6,ePS1TA
1753 TAVADT® e us (TD6enT6aTVEsnDT)
174t €
177 € STAGE SEVEN
. t7a: C
179: PV7 o KvB_(17)eTnV7
18c: FlWe o SQRT(Tve/518e7)
1843 nC7 . N/RTHe
. 182: nELs . FVu/la.?
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T&ble A‘ 1 .

83
{au:
18
18¢:
187:
18s:
1892
19¢:
191
192:
193¢
1942
1952
1961
197:
1983
1972
2004
2014
20p7:
03¢
2042
208!
2re:
2C7r:
208:
209!
210
211
212:
213!}
2148
ele?
2168
217
21n!
219
220
2241
FLH
22138
2248
=L
226!
227
228.
229:
2308
22
232
2332
234!
236
235
237:
R Y
239
240
2hyt
26z:
L 2e i

[alaldal

nNnco

cOon

[akalal

Nonlinear Engine Simulation Program (Continued)

ECP? a WLY2eRTRe/(DELESA{17))

VIT7 o« kA{7) & KA(17)8FP7 « KA(27)aFP7aFF7
PHIT & V2TT/(KRAC(T)IeNCT)

S IPTeFUn (1547 R17227)

PUY u PVbwell1eePSIPTeKNR(7)/TVA)#e3e5
AITOTKGAL (1 7)8(PD7ePVT

WVID reWl7ewh @&

TV7 w TuV7/aV?
PSIT?4FUNI1164PF17,29)

107 » Tueekhti(7)upSIT?

TAV? ATolaue(TD7awDT=TVTanDR;

STALE EIGMT

BVA & XyBL(18)eTwyE

RTH7 » SOFT(TV7/51847)

ACR » N/RTH?

rEL7 o PV771447

FPB o WOBeRTWI/(DE[78,4(18))

VETR o KA B) + KA[1B)aFPR ¢ KA PRyaFPReFPY
BHIR o VZTR/(xRAD(B)ANCR)
PSIPRAFUN](17.PHIRS3Y)

PUF w Pv7e(ysePSIPBaKNR(8)/TV7 e83eE
WORDTKGAL (1R)*(PD8=PVE)
KYANT s WD R nBGY

T/R u TuVa/wVa
B51TRaFUNT(18,PH18,33)

TR TP+t R{B)#PSITR

Ta, ° L1oge(TOBewlB»TVBeWAGY)

AUTLET AUIDE VAMES

UGV u TabG/wi0G

TWBSNTE  cye(TyBswBGVeTOGVSWCD)

PUGY « KVELRGeTWPC
WUGVDTEKGALBGe (FVRLPAGY ) =KAGVewGVewiGY
WOB50T8nBLVeuD

CcoMPRESSAR DISCHARGE

wIC & *033e -

T80 o TwCL/WDCD

TWEDNTS (THGV e ALDaTCOs (WB+wTCl 0l 0k
pCD v KvALCCaTalD

wCDDTaKGALCNe (PRGYPLD)
WICODTSWCLonkawTC

BURLER

FABewF/nB

TBa T NH(2,FA ,HE,TY)

DELPHE ® KwBenaiee2/PCDe(.7712TCDe.085+TE)
wIDT & KGALBe (PCO=FBDELPS)
A\NTTR ® N/SGRT(TR)

Ml 5 RHT/RT

FATawF/ (mpewFaWTC)

TV NH(3:FAT,HY, Ty)

BT o K4eRTeTY

pTPy o PT/Pi

wTTNPa & FUNP(3sPTPBINRTTB:4)

W7 oa LSTTNPBLNWPESTY
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Table A-1,

244
2485}
2881
2478
FLLE
249!
Fi-1-H
25y
. TH
2538
-1
2551
F-TH
287;
258
2892
260
26y
262
263:
264
265
R TYH
267
268
269
27p:
271
272:
2738
2741
275
276!
277
EXEH
279t
2801
2841
283:
283
284
28k
28e:
287:
28a;
249!
29¢:
291
292
293
294!
29¢:
29¢:
297;
29a,
299:
300
3011
302!
3I03:

Nonlinear Engine Simulation Program (Continued)

333

PIDLTE*FEe (YHeTCL)

ETARaFUNL (19:pBLLTE23Y)

CALL PRBCEM(D¢aTCDCPCL,GMCD, GMCRX,HED, IFA)
PIDTakVBLo® (HCOSWB4 18650+ ¢ETARBRWF sd ToHB )
M3DT 3 WB,PEe (PADTakVHLB/1sbakHBa(WBeWFunT))
POPTaPE/PTY

WNTKNPOHAKEY (PORT)

WY 8 WNTKNPaABeKNAZePT/SQRT(TT)
CHTNYE o FUNZ2{42PTPBsNRYTH, &)
DHYLN/1000e«CHTATBaSQRT (Y 8)

RHTDT o (HBaWT4+HCD o WTLaDMHToWT > TawNj /153
RTDT o (WTeWTCoh} /1053

VvALTBL o wBL3wTVIenbL+aTVasWRLELTVS
DLwHCa HCD« WCD s 1 24 e (WBLTALeTVO4WID)
OLWHT yHEawT o HCDaWTCnHT o WN

MDY SPEED/Ne {DLWHTuDLWHE )

w00 » INTGRL(ICKDOJawDODT)

WY0 & INTGRL(ICwVQ.WVODT)

1Wyse INTGRL(ICThVOs TWyODT)

wP1a INTGRL(ICWD12WDIDTY

aAVIe INTLRL(IC AV snviDT)

TWy1e INTGRL(ICThV1s TWy1DT)

wURe INTGRL 1 IEwDZ22wD2DT)

wVas INTLRL(ICWY2awyEDT)

Tay2e INTGRL{ I1CThy 22 THy20T)

w03 INTGRLLICAD3-WD3DT)

WY INTGRL (1CAVIsWwv3DT)

Twv3a INTGRL(ICTWV 3, Twv3DTy

wPun INTGRL ( 1CADu s uD4DT)

wWVas INTGRL(IC,VaswveDT)

Tvas INTGRL(ICTWVas TWVaDT)

wOSa INTGRLIICADE2WDEDT)

wWVSe INTGRL(ICAVRawVEDT)

TV INTGRL t TeTwys, TWYBDT)

WOoe INTGRL (ICADksuDEDT)

WV INTURL(ICAVE2WVEDT)

TWVEs INTGRL (1CThVEs TAVEDT)

wL7e INTGRL ( 1CwD7swD7pT)
PV7RINTLRLEITAVT 2RV TDT)

TWY7a INTGRLIICTWVZ, TRVIDT)

aL8e INTORL U ICADRSWDRDT)

wVBs INTGRL(ICAVRANVEDT)

TAVRS INTGRL{ICTWVR, TWVEDT)

TR INTGRLIICTRAG, TWAGDT)

WUGVe INTGRL(ICWEGVWBGVDT)

wOAGE INTGRL{ JCWIRG, WDBGDT )

TWCOw INTGRL ( 1CTWC L, TWCDOT)

wCDa INTGRL L 1CACDs wCODT)

pRCOe INTGRL [ 12wl CD,wDCDDT)

p3 w INTGRL( (CWBE2wBOT)

03 o INTYGRL(ICPB2PBDT)

w3 !NTG“L(ICHI’.‘IHBDT)

RHY o INTOGRLIICFRTFMYDT)

RT w INTGKRL(ICRT.RTOT)

N IMTGRLCICHMDT)

AICPT L0
5%719(999,4997,99%,998), [ST: P
CHUNTINUE

D‘LY.JE‘M

END
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[ Table A-1, Nonlinear Engine Simulation Program (Continued)

FUNCTTUN HOREY(FRAPT)
IF(PapTaGEete) GATO
1F1PARTaGLea83) HOKFYaPBPTaa(10/144)eSORT(1emPBRTas(sh/]su))
IF(PAPTaGL s Qe s ANToPPPT4 Fes57) HOKEYS 2584
RETURN
1 HUKEYe0.
RETURN
END

2
T PN WY

FUNCTIBE pN{SET (R, ZXsNPINTSN2)
CUMMAN XX (170%) s ¥YY(1705)aNK(5)oNY(B)e. ((172175)sYDEL(40)
114012000820 2SLP1 LU0 #SLPR(L0)sZPT] (4012 ZPT2(40)
cUMuaN X1tPLa21)4211P1421) 44K (5Q)»MX{23),XDIF(50),5LPI50),
12PT(&n)
DIMENSION Zx(1)
»X{N) 8 NP
DY 10 JelsNP
«*2e
x1(Jgon) & Zxtg=1)

10 21 ¢Jem) & Zx(x)
FNISFY 1o
58 3n NRuNisNp
KR(NR) & 2
XDIF(NR) o X1(2,M)eX101,N)
ZPTUINRY o Z21t10M)
SLP{NR) -(Zl(ggl\‘)-ll(l.'ﬂ)/XD!F(NQ)

30 chnrinue
RETURY
END

DPBPNT AErWN OO BDAT N WY~
48 06 V6 4t 06 St 4o we vr 54 ve =v 2v se 0o se mE as & s

U bs 60 42 pa 3o gu o Pt b pa

la

bk b i ik e ek
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Table A-1. Nonlinear Engine Simulation Program (Centinued)

FUNCTION FUNL (NaXINSNR)

CUMOLON XX(3705)2YY(3705) NS aNY (BY2222(1721725)2YDEL (4D}
11100010 (801 sSLPL(40)»SLP2(40)I2PTLL40)2ZPT2(ND)

cg:nou) X1(21021)221¢21221)aKK(50)aMX(23)»XOIF(50)sSLP(S0)2
12FY (%0

190D » kK(NR) ’

rXP & MY (N)

IFCxINex1(IBLD2NY) 105,105,512
105 IF(XIN®XL(IOLD"1sN)) 1404140,110
110 I « InLD

GY T8 250

CBUNT UP
120 IF(xXIN="X1{NXP,N)) 125,180,300
1285 NF & 100D ¢ 1

DY 130 1 » NF,NxP

IF(xIN"x1(14N)) 200,200,130
130 CUNTINVE

GY T8 200

M MY NITD ES = s B po 1o 3 =5 on 3o
AE WV OO NNORA SNV O VRN A W

a® ou G se BC e 46 48 S8 A8 S5 U 4O FF CF Sw S5 5 90 SO S5 GU G0 % o8 &
mn

- C CHUNT DBwN
j | 140 1F (xIN"X1(14N)) 3007 1905145
- 145 AL s 10D - 2
.:7 nt 150 k » JoNL
A . 1 o 18LD »
] IFexIN"x1(lelaN)) 150,150, 200
- 2¢ 150 CUNTINUE
: 27 Gt ™™ 200
2e! 180 1 = MyP
; 29! aY T8 200
- 30: 190 1 « ?
3 311 200 ¥xRIFUINRY o xi(laNyexi( =12}
32: IPT(NR) & Z1tT1elnN)
E 33: SLR(NR) s(Z1(12M)VwZPT(NRY)Y/XDIF(NR)
1 3a: 250 xINC & XINexi(lei,N)
35 FUNL o ZPT(NR)+XINCSSLP(NR)
368 Xx<(NR) & |
: a: RE TURN
£ 381 3gp CONTINUE
g k[-$ PO INeLTeX1(1aM)FUNTRZT (o)
N LIH P MY e X1t XPaN) IFUNT e 2L INXPRNY
¥ by RETURN
1 . hat END
t
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Table A-1. Nonlinear Engine Simulation Program (Continued)

FUNCTION $RoSET(MaXaY, 2 NXPINYPaN1aND)
CUMAAN XX (17251 2YY(17,5)aNX(S)1aNY(5)2222(1723725)aYDEL (M),
111 (uny 2 reC) SLPL(#0) sSLP2(4D)22PT1I40)2ZPT2(4I)
cormmaN X1021221)021(21221)aKN(30)sMx(23)sxDIF (50)125LP(50)s
12PT(5n)
DIMENSIEN X¢ 1)a¥(1)e2(1)
10 NX(N) & NxP
NY(N) & NYP
DY 15 JalsNYP
YY(JaN) o YO )
5% 15 la1shxP
K s Jol =g )ehxP
1S5 722(1,deN) = Z(K}
DE 20 lagsNxP
20 xX{I,N} = X(I)
FN2SET o 1+C
B® 30 NRgNfisNZ2
1I(NR) 8 2
JJ(VQ) . 2
XDEL = XX(2sN)=XX(1sN)
YOELINR) & YY(24N)=YY(1,N)

IPTL(NR) & 222(1010N)

ZPT2(NR} & Z2201020N)

SLPYL(NR) w (222(2s12N)ezPY1(NR))/xDEL

sLP2(NR) & (272(2s24N)=2PT2(NR))/XDEL
30 CONTINUE

RE TURN

END
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Table A-1, Nonlinear Engine Simulation Program (Concluded)

FUNCTION FLN2(WNaXINSYINpNRY
CUMMBN xX(17+5)2YY(1725) sNX(5)aNY (S)02221172172514YDEL(4Q)s
111 (80)20u¢42)s5LP1(80)2SLP2(40)2ZPT1(40)s2IPTR(40)

e 0o oe o 0a

1
3
. coOMmMaN X4(21s210028 1210211 oxX{B0)aMX(23) 4 NOIF(S0)aELP(SO)2
L3 12P1(8q) i
6! TegT FOR & IN PREVISUS INTERVAL |
7 NXP & NXIN'
'Y 190D & II(FR)
9t IF(xIN = x) (10LDsN)) 105010%5.120
10t 10% IF(XIN = x, t10LD=1,N)) 187,140,110 .
112 110 1 = 18LD
121 GY T8 230
13: € CHUNT UP
far 120 IF(xIn = 23 NxPaNy) 12551802180 ;
152 12% nF o IBLD o |
16t DY 130 | # NF,NXP
173 1F(xIN o xx(1sN)120002002130
lat 130 CUNTINVE
19} (LRI
2p: € COUNTY DBwn
21 140 1F(XIN=O(12N)) 19071902145
221 145 Nb oo 1000 2
23 DB 150K & 1aM
20t ! o 18LD =
o5 IF g IN"y{ 1#12N)) 150015002200
26 150 CUNTINUE
27 GETe 20)
2a: 180 leNxP
291 X INa X NP2 N)
303 G¥ TR 200
34t 190 1 e 2
h 3P < INexy (12N
! 331 C TEST 1'8R v IN PRIviBUS INTERVAL
P et 200 NYP o NY(N)
. FLH JULD & J(NR)
¢ IF(YIN o yY(yBLEIN)) 205 20%, 220
37: 205 IF(YIN = YY(JOLD"1sN)) 2002240,210
- 3a: 210 2 ALD
393 IF(1a10,0) 300,4004300
apt C CYUNT UP
813 220 IF(YIN = YY(NYP,N)) 2850, 2800280
nzt 225 N« JOD ¢y
.3 DY 233 u 2 NFaNYP
[ T3 IFeYin = YY{JaNI} 30003000230
a8 230 CONTINUE
46 g¢ T8 30
ay: C CHUNT DBwWn
b2} 280 IF(YIN = YY(1aN)}I290,290s208
492 265 v o JBLD » 2
|- H n® 250 x « 1sNQ
54 J ® JALD e x
521 IFCYIn =YY(Jelrn)) 25042502300
i 53 250 CYNTINUE
i Skt 68 Ta 300
: 55: 280 J v nYP
i 561 YineYYINYP )
Sy g8 Te 300
Sa: 290 J e 2
. 893 YiNsYY(iaN)
c 60: C cOMPUTE z(v) INTERCEPTS AND SLOPES
' 617 300 XJEL = xX{laNyoxxtleisN)
4 62: YOEL(NR) & Yy JaNYeYY(gai,N)
: 63: IPTLNRY g 222ti=gadeiath)
i (T IPY2(NRY g 22200010 0sN)
. 653 SLPL(NRY w (222¢1,u=1sN)eZPT1(NR))/xDEL
: [T} SLE2(NRY & (22211290eN)e2pT2(NR))/XDEL
67: C INTERPBLATE FOR ANSWER
. éa! 400 T1(NRy o 1
: ' 69! JHINRY &
F 7ot ¥INC o xIN=xx{feisN)
71 P127 « IPTI(NR)«XINCoSLPLINR)
. T2 272 o IPT2(NR)XINCaBLP2(NR)
73 vFRAC ® (YINeYY{Jm1sN))/YDEL(NR)
Tl FUND » PIZL o YFRACS(P272eP122)
751 rE TYRN
Te! END
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& Table A-2, Reduced-Order Component Model

1 7060q0000 DIMENSION 1Gy(A2)2A(20)2PVI20)aTV(20)2YYL(1%)aXX1(17)2222(196)
2 00000001 DIMENSIBN | (20)2V(20)2KGAL(20) sKVOL (20) sKNR(8) «RAD(8)sKRAD (B)
i 3 0Oo0gOoo2 DIMENEION xa(30) N
k- 4 00000003 DIMENSION +yy{20)sWD[202,WV(20)KBLD(8)SDPRB(LS)
E S 0000004 COMMAN/TOATA/TIME,DTH
‘- ¢ OobpOoos COMMAN/DATA/Xt 2)2UCH))ETA({3I2DXN( 6)4DX( 6)2DXL1( 6)2CLM( 6)akvOLI
e 7 0Oo0gQooé 1G, RTHO,» KVOLOG, KGALOGI KOGV WTCoKYELCD, KGALLD, KWB?KGALD»
| 8 00090007 2HT, C TR sK2aWTIHCDSKVOLBIPDS WNs KNAB) KEPEEDS KGAL1GSKF IGV, K3,
- 9 0popQo1¢ IWBLI, WBL 4, WBLE.WED,WOCDs TWCDIETAE S DHT
¢ 10 00000011 42 TCD, We» HB,PBs ERRQR
‘ A 1§ Ogopdoa2 REAL KSoKB,NCLa ICN,NCINS IGYPRS JGVIKLsKIsK 2 K6 K7 5L aKGAL2KVOL
: 12 0009001? REAL KvOLDG,KGALBG,KYOLLCD,)KGALCD,KGALBI KNBsKYOLB2KVOL T, KSPEED
; 13 000gO01# REAL KF 18V, NCXLKNR, KRADS KA, KOGV KNAB,NRTTE, 1CPVO, 1CWO0, ICWD1, ICAYE
| i1s 0g0p001® REAL ICTWv1,JCWD2s ICWY2+ ICTWV2S ICWD3s ICWY3, ICTWVIL ICWDA, ICWVA
E 15 000plo16 REAL I1CTWya, 1CWD5, 1CWYS, ICTWVS, 1CWD6, I1CWVE, ICTWYE, ICHDY, ICAV?
x| 1¢ 0000001? REAL JCTWv7, 1CwDA, ICWVE, ICTWVS, 1CTWBG, ICWaGY, 1CWDBG, ICTWCD, 1CWeD
2 ‘47 0Q00gCo20 REAL 1cwOcD, 1Cw8,ICPa, 1CHB, ICRT, ICRHT, ICWF QP ,NC2,NC3,NC4 ,NC5,NCb
18 0Oo0gOoR! REAL NC7,NCB,NDERD, 1TER, IMPL, INTGRL,K1C
; 19 00000022 REAL KABs ICWDOG,N,NDT
: 20 0g0g0oR3 REAL K3l.D,k2,NRAT,KGALIG,KVBLIG
- 2y 0g0pOopé EQUIVALENCE (1CN,NaX(1))
22 0Q00QOORS EQUIVALENCE
23 QrogOo2é 2 INDTLDXC 1)) (WFalU(3))a(BVBUI2))2(AB,UIY ) (P2LETA(L
24 0000027 3)1a(TVOsT2,ETA(2)),(PRsETA(I)) 4 (U(H)SABL)
o 28 00000030 EQUIVALENCE (TMIC,TMsx(2))5 (TMDT,DxX(2))
- 3 24 00000033 EQUIVALENCE (PCDLDX(3))2(PTsDX(4))a(TBADX(S) )2 (TT2DX({6))
2y 0000032 REWIND 3 .
§. 23 00000033 8099 CONTINYE : :
A 29 000p003% READ(5033051 ERRER
ki 30 00000028 IF(ERRBR*£Q.0s0) GO YO 8098
: 31 00000036 630 FORMAT(G12.w) ' i
32 00000047 READ(%,8020) NxsNU,NEsNR,DPERY
33 00000040 8030 FORMAT(412,G312.%)
3% 00000041 REWIND 7
k) onoqoo.z DAYA (DPRE(1121u1s14)/060s7426E=4s37007007E%4298006+98E=,2.865649E
36 00000043 1°4209046°96E240297:6096E 421047 ¢38E=4/
37 Oo0pOoas DATA (kBLD(11210428)/72000s1¢3025519057221404112380¢/
38 00000048 DATA (KGAL(1)210gsB) /255020027 F02027287+0264070524088022187002251
39 0g0glo*s 156002243%/ o
L 1) ogo°o°07 DITA (RVOL(11210328)/1e510753037110449797,7058349¢3p87711.2953213
. 4 200yCo30 1077274151219/, .
2 oooqgosi DATA (TViI}sl01s20)/8e16gp00150518:7/
4 43 0n0gbode DATA (TWY(1)1,781:8n)/20eige/
' 4% 00000087 DATA (wD(1),103,20)78003pe/
4 85 000000%% DATA (wvi{l),lets20)/20001/
3 46  000000%% READ(7)tlavi s luint®)
. 3 47 00000056 F11 oFNISET(1s1GY 9,141}
. 48 00000057. READ[ 73t 1Gv(1),s1a1,38)
e 49 00090060 Fis oF NISET(421GY ,19:425)
55 07000061 READ(7,¢1Gve1y)a183,20)
51 00050062 F12 «FNISET(2,1GV,1042,2,
52 00099063 READ; 7, lgv;1)sle1a18)
53 00030064 F13 -FN{SET(3:TGV09: 3.3,
N - S5s 00050065 READ 7, (lGv 11alnisn0)
P 55 00050066 F16 «FNISET (S216Y 4204607,
g 5¢ 020050367 READ;7)(‘GV(1):II11‘OE)
57 00090070 F16 oFNISET 621GV ,21s8+9)
58 00000071 READ;7)(lav(1)sTuis3e)
59 00000072 F17 «FRASET 741GV 417,10011) '
60 00000073 READ( 7y clavit)elel,38)

66




£, ¢ ik IR T DR A e e T AR L IR e LR LR 2 i i 2 e i b L A o

Table A-2, Reduced-Order Component Model (Continued)
63 0a0,0074 FiF 2SS 1SET (92157 419,12,13)
62 0457027% READ(7)115v¢ 1), Ta1036)
63 09050276 F19 _FNISET(9r 15V #1B414s15)
68 01050077 FEAD (Mt lGgui D) e lalad))
#5 099520100 F11CaFNESET(10,1GV220,16417)
66 09030101 ) KEAD(7)(lGvit)aT,a1,32)
67’ 07050122 FI112FNISET {11416V 214218019)
68 07050133 READ(71(15vi11aTals36)
69 0n0a0104 F112.FNISET(12,1GvVs18,20,21)
75 0rp3010% READ(7:1tlgviltala1,26)
71 0nD~0106 F113=FN1SET 13,16V »13022:23)
72 03030107 READ(7)tlgveTralag,26)
73 0non0110 F114aFNi1SET(14, 13V 213224,25)
74 01020111 READ(7)tlGv(1)aln1430)
75 00050112 F11SaFNISET 15,10V 215226027)
76 000950113 READ(7)(lsvilralal,26)
77 00050114 Fi16aFNISFT (16, 1GY,13,28,29)
78 000:0115 READ(7)(lavi1)alals3d)
79 00003116 F117«F~1SET(17.1GY  ,15430,31)
%5 00020117 READ|7)tl5v(1)sle1,32)
8] 0n020{20 F118aFNISET (18,106 216232,33)
B2 00030121 READ (7 (fav(1)ilat, 28,
83 0000122 F119aFN1SET (195 16V 214034,35)
B4 00070123 F120«FN1SET(20,0PR347.36,37)
85 0OnCo01R% READ(7)tlave)slats40)
8¢ 00cp0125 TGyiniale29
. B? 00050126 IGv(8)s1°325
RS 00050127 08 6301 ls9,39,2
A3 07050130 T1aleld
90 09030131 ©OxSpefgverelgve D)
. 91 09030132 FUFXsXSU®1.NI19AKETIE=BoIGY([)e1¢736330756E4420129761925
92 0000133 6301 lgv(ll)eFaFx
93 09000134 F121eFNISET(21.1Gv  420038439)
94 00050135 READ(2){a¢112181,20)
95 00070135 READ(2)(L(1)2183220)
9 00000137 READ(71(y(1)21e1,20)
97 00000140 READIZI(IGY (1)alelo2M)
98 0005014} READ(?)1(19V (1)slels2d)
99 050350142 READ(7)(RAD(T)s]u128)
100 00050143 READ(7)(xRAD(1)s1=148)
101 09C7014b READ(2Y(PVIT)» Tels20)
102 00050145 READ(2)(15viyslats20)
123 0009014t READ(7)(yv1(l)sTugs5)
104 000g0147 READ(Z) (xxtt1)elngs13)
108 000p0150 READ(MI (221t 11 s 1n1088)
106 09030151 Fis FNRSET(1,XX12YY12221,13254122)
107 00050152 READ{7)(xA(1)s1u1,30)
108 00050153 REAp(7)Cyvi(ly2Tutsn)
109 00000154 READ(Z){xx1(1yslntal?)
119 Oopo?155 READII(zZ1(11s1u1068)
111 Oo0p0356 F2 o FN2SET(2oxXiaYY12221217044354)
112 09000157 READ(7)(vyi(lysluisin)
113 00000460 READ(7) (xxi(lysletirin
15 00000161 READ(71(221(1y21u14196)
115 0O9pp0O162 F3 s FN2SET(3sxXX10YY1,Z2121421025:6)
116 00000163 READ(7V(yyi¢lyslutnln)
117 0q0p0164 READ(7)(xx1(1)sTuinln)
¢ 118 00050165 READ{7)(221t11s1a1s136)
b 119 00000166 Fio o FN2SET(arxX10YY102210140142748)
120 00090167 READ(7) (YY1(I1sTa}sb)
) 121 00050170 READ (7} (XX1{01,101017)
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Table A-2, Reduced-Order Component Model (Continued)

.1?9

123
174
125
12¢
127
128
129
135
1™
132

133~

134
135
138
137
138
139
lag
lay
tup
143
lég
145
1‘06
149
ftag
lag
152
1g1
is2
ig3
15,
153
155
157
158
159
16z
161
162
163
164
165
166
167
168
169
17
17
172
173
17«
17¢
176
177
173
179
18)

558028

0900173
0ngp 0174
0ne,0175

30;‘\’4‘1 26
09070177
0~G,0200
[+ IoTolel' Elall
Qan~0?
01920 3
00002 )%
07020265
0u020206
3sc0C2n07
0nc. 2210
Onrpsz0211
0n0s0242
31520713
OapoP1 e
2100215
Q9030216
91050217
Onps0220
0n0n0221
0atHC2re
05000223
0200224
07000229
090-,0226
09020227
00020230
020 0p13l
00000232
05020233
00030034
09070235
099-023¢€
oqoacﬁ?l
070 ;0240
09C20241
090 Qa“?
0nCa 043
[oLeYeToke] puh
0300245
0nC :02w6
0nCA0P4 7
0n0-32%0
0nCc-0281
0ne0252
0n0~0253
000 ;0254
0n2-0255
0ng 0286
DTl 24
090260
0140- 0261
01020267
05.20263
002 0p&H

Aam e
Cat LAk

c
¢ SEY

9903
RO66

+68)

READ(7) (z21t(
X12YY ll7abl9510)

FSuFr2SET(Ssx
PAFA4ETERS

KARan

N55Pad

TTG:S=1700.

READ(5,8084)\RAT»wINGS) SPLCSBVBIAGL

wr1TE (9, 80ks) ERROR

wRITE(9,80301 NX,NU, VE,NR,DPERT

~RITE(9,8946)NRAT, wINGS, SPLC,BVE, ABL

READ(5,9992) P2,T2

FORMAT(2G12,5)

wRITE(9,F902) P2,T2

FIFrMAT(6G12,5)

ABeARFANINRAT)

‘J'AR

TnucSa2100C.

FAEGSe,0?

7225187

wDELmey

DTuedE Te,5

TIrEeOew

W] = 3.151391360-

K2e7+#32*17ec3.35/(Klexkl)

35 )RT(519.7)

Kis(53+354124+)/17600+

wGALI1GaS51R37.

K (PL1Ga3°31

KGiLAG e 29u301

KytLAG » 1.10

KGALCD = B73Ce

Kyo._CO = 1.981

KGALB RS54 7

KVEL3 s 2+£59

KnhE = oOOohhﬁs

KYOLY a 14+15

KSPEED » {3Runce

IC’-NRAT'16590-

PrePo

PB.P’-,

Tyvr 2 T2

RThHe & SORT(TYV/D1R«7)

NCY & ICN/RTHO

ACIN = NCy /16500

Bves.Fu\E(«.MC1NnTvo.1;

ApLBaFUN1(1,BVRB.1)

TGVPREFUN] (2,NCINs 2y

BuvPQ- UN1 {3,NCINS 3y
sl’) s T2

ITER\'f
ITER2sC
ITER3s:

DY 6 xsl,NgsP
FALsFARGS

Tue TGS
i\["la“‘.GS
CallNxnanl

Fyitny 3 PRelGYPR « 30502
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Table A~-2., Reduced-Order Component Model (Continued)

183
18
188
18
187
188
189
190
191
192
193
194
198
19¢
197
198
199
200
201
202
203
204
20%
206
207
208
209
210
21‘
212
213
214
215
216
217
218
219
229
221
a2
223
224
22s
226
227
ees
229
230
231
232
233
234
23s
23
237
238
239
247
241
24p
243

00000266
08080257
00050270
0gop0271
0p0p0272
0p0g0273
00000274
00050275
00090276
00000277
00000300
00060301
00000302
00050303

0009030%

00030305
00020306
00050307
00000310
00050311
079090312
00000313
09000314
09000315
00000316
000Q0317
05000320
00000321
Ogoo0322
05050323
0p0p032s
09090325
00050326
000p0327
09000330
00000331
Op0p0332
00090333
00030334
00030335
00nQp0336
00050337
00090340
00000341
00090382
00000343
000p0344
00000385
00Cp03a6
00050387
07050350
010901351
000501352
09090353
0n0p0354
000002355
00050356
00090387
00050360
00050361
00090362

9o

5901

ir

CONTINGE

¥D(15) g A INeFL O T(K=1)0e..DEL

ITER1 4 ITER1e1 o

KF 1GvaxGAL 1G58 (P2=PV(10) )/ (aD(]1 ) erC(10))
rlal e

rBLTRL,C*

IF (SENSE S 1TC 3)8073,8:74

Lo~ TINGE

1P (l11.0Euey 5HATR R92y

a CONTINGE

J e ©

WRITE(85250) ICN2ABLIBVR, [GVPRSPOYPK
wRITE(LsD]) .
aRITE(R152) JsPVI1n)aTV(1D)5a0(10)
Cer TINGE

ne 2~ lxlg,qe

W o= I=10

DELX & PV(lay) 147

RTHX s SQRT(TV(1=1)/518.7}
MCx = ITh /9T
vDelys-Diley)=.08L

FPxsAD (1), TuX(DELXaA(]))
VZTXaKA(J) oFRXy (KA(J410) eFPXaxA(Je2M))
XRAD(J) ¥ <1, RAD(N

PrHIX = V2Tv/(XRAC(J)aNCX)
S TR (102:2,4,516070810
Cor TINGE

PSIPy & FU'2(2sPRIyeovBs )
PSIT aFUN2(R,PHIxsBVD,9)
GUTe 1 .

CONTINUF

PSP eFUNy(5,PuTyxs6)

PSIT sFUNL (4 sPHRIxsB )
GOeTe 1

COnTINGE

PSIP sFuUhy(7,Pulxs40)
PSITyeFUNL (R 2PRIXI12)
6ovo 1:

cor TINGE

PSIP sFUNY1 (9:,PHI a1
PSITy apUNT(1maPHIx,16)
GeTe 1

CB* TINngE

FSIP erUNf (11 +PHIX1R)
PSITyertNt (1P4PHIX,RD)
GBT8 1-.

ce~yYingE

PSIPxeFUNL (130PH]X,»22)
PESITywFUN  (1asPHIX,26)
o879 1

cerTINJE
PSIPyeFUN](15+PHIX,26)
PSITxafFuMy(162PHIX,2R)
GBTY -,

CerTINGE
PSIPyerUN](172PHIXs30)
PSITxesFuUlN1(18,PHTIX»32)
CHNYINJF

NREgIatIC #BAD(Y) s e2/k2

Putl) o Pyuclalyot1e+PSIPxeuNR{ )1 /ZT\(I=1))es3e5

Tytly o Tytl=114kNR{J)ePSITX
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Table A-2. Reduced-Order Component Model (Continued)
244 00070363 Tuv(])aPV KvOL ()
a~§ ogogoae~ nv(lguruvflngv(*)J
2486 000230385 PR s Py(l)/Py(l=1)
287 0n0n0386 wBLe<BLD( J1wABLePY (1) /SQRT(TV( 1))
248 09020367 IF (JeEQ+3) wWal3ewBL
243 00030370 IF(JeEQed) walusWal
255 09030371 IF{J+EQeS) wplBavwaL
251 09030372 WBLTHLaWBLTAL+wBLeTY (]}
252 000,0373 IF (SENSE SWITCH 3)R8075,8376
253 097000374 807¢ COMTINUE
254 09090375 IFrl11.nEayy GBTO 5902
255 09050376 807 CONTINUE -
256. 00050377 WRITE(9552) JaPut 1) e Ty (1) aWO( 1) 2 wBLsPSITXSy? TXsPHIX)PSIPX,PR
257 05030800 5902 CORTINGE
258 00090s01 2n CONTINUE
259 0p0o0s02 J = 10
260 07050403 POGY = PV (18)eB8GVPR
264 00000s04 Tan_- TVii8Y
262 00090405 WOGyeWD(18)
263 00000408 KOGY w xGALBGE(PV(18)=POGYI/nNOGYee?
266 00050407 TWBG o POGV,VOLOG
268 00070410 WDOG = TWEG,TOGV
- 286 0000wl PR233PBGV /P2
3 28y 000p0Ow12 TR232TOGV /T2
3 268 00000413 EFF23s (PRD340028514)/(TR23=14}
E 269 0000614 IF(SENSE SWITCH 3)8077,8178
b 270 00000415 8072 CONTINUE
o 271 0o0pOagé IF(I11.NE.q) GOTE 5903
b 272 00070417 RC77 CONTINUE
E: 273 00030420 RITE(6453)
3 274 00090421 wWRITE(62521%,POGV,TBGY, WBGV, WBLTBLIEFF23,PR23,TR2D
27% 0pOpOsaz 5903 CBNTINUE
276 0Qp0p0423 J = 11
277  0o0p0a24 PCD « pBGY
278 09050425 TCCsTAGY
279 00050426 CALL PROCEM((+,TCD,CPCDsGMLDsGMCD s HCD s IFA)
280 00090a27 WCD aWBGY
281 00000430 TwCD « PCO/xVBLCD
282 00050431 WDCD = THCED/TCD
283 0g0p0s32 WTCe 4 033eWD(10)
284 00000433 DLWHEsHCD _WCDe 2%, (WBLTBL=wD(10),TV(10))4+5PLC
285 000n0e3d KNABaSs0405e s 0429772484 :000126668,A8,,2
286 00000435 -IF(SENSE SwITCH 3)8170,8171
287 00000438 8171 CONTINYE
288 000n0e3? IF(I11.NEsyy GOTY 5904
289 00070440 8170 CONTINUE :
290 0p0pUesl WRITE(6250)
291 000n0sa2 . WRITE(6252)JsPLOsTCDIACDaWTC2DLWHCIKNAS
292 0000043 5904 CONTINUE
293 00000saé Jel?2
298 000504a8 KWBaFUN1(20,NRATS36)
295 0g000saé wWBWCDeNWTE
296 00000447 ) IF(ITERL*EQe 1) PTae354PCO
297 00000450 DPTXet s
. 298 0otbp0asl 22g CONTINYE
299 Q0000852 1TER2« 1TERR,
. 300 00000483 DTBXs25¢
/ 301 000H0a54 WYBLDs (1*4FAB) enB
: 302 00000488 224 NRYYgaICN/SQRTTB)
5 303 00000486 ITERI= [ TERI4y
E 304 000p0a8? DELPR » KWBauBee2/PCDe(+7716TC0=208578,
£
§
i
Lo 70
Py
bl
B i
et }

.t Jiﬂ;;:usfﬁﬂiﬁ

hir e Sk < o s A A e s i e,



Table A-2. Reduced-Order Component Model (Continued)

308
3%
37
312
k)
31~
In
312
kR ]
1
315
s
317
3%
319
32-
32
322
323
324
3Pz
328
357
3p%
329
332
331
332
333
33+

. 335

33,
337
333
339
kl'%)
3ey
Er'Y)
343
Jeu
345
EPY)
3u7
34

3ug
352
389
35p
353
354
355
38¢
37
353

016 _Cusl

"0307Cu6l

000 Cue?
01¢- 2463
02004k
0A0 20465
020 ;0466
D1C-~0uk?
0y, 2670
0ne- 0«71
0ng, Nu72
0972:0473
0507 0e7¢
0100475
0ngaCa?8
Org 0477
0n( 20500
0n9:C5al
0n0-03¢?
22020503
0710207724
09050505
01040506
020:0397
09000340
Q07000511
93050812
0n0220513
090-0s14
070;0s1%
0ACa0=16
01050517
01040520
09050g21
OnCadg22
0s5:20823
030:-0524
04030525
0nC: 0526
Gooz0se?
03040830
0no_0531
09030632
97020533
0nD2 253
09050335
01050536
30:0537
00020540
01050541
0n0-C542
0900543
04050544
04070545
0nCo05e6
OnQr08e7
320205480
92¢,0551
0~pa03552
070,0%53
0np~0554

8091

877

8074

223

224

22¢
22¢
22y
22¢p
220
c3-
234
237

233
23,

24¢

2k
242

24
25~

Pg = PcD‘oEqu

PgCLTB s PRy TRaTCD)

ETAR :FUNjilﬁaPBDLTBn3§)

PTPB » PT ,pPg

CHINTE 3 FUN2(42PTPR,NRTTB,?)
DHTsOHTNTS4 1CN,1009+#SURT(TB)
CALL PROCAM(FAR,TB,CPBsGMBIGMBX,HBS IF A,
IF(SENSE SalTCH 4)8098,8,91
COMTINGE
leodaul15653‘nETAB-HCD)/(1!650--ETAu g
IF(IFALGT.r) GATB 38071
WTERR®ABS (. TyenTOLD)
IF(WTERR*GT.,0035) GOTO 223
CONTINYE

W adT]=nB

FAizsF 7nB

hNI“TIQWTC

GATE 224

IF(nT1sLTauB) wTianB
IF(wT1+GT e (WB81+067623)) WTinjen67623eaB
RTOLDEATY

GOTe 8472
hTPLD-(NTiowTQLD)i-S
wFewTOLD~w3a

FApswF /W8

GOTE. 25

CARTINGE
HTaWT1/wNg (HR=DHT )+ WTC/WNaHCD
HBD-(DL#HCONNCHY-HCDQNTC)/nTi
TBERRenBR-HR
IF(TRERR¥GT4.0008) GBTY 225
IF(TRERNs| T4»e0005) GATO 228
5878 229

IF(DTBX)22¢rs 2260227

DTEX2 =DTBXaag

TRaTReDTBx

GOTO 221

IF(DTEx)C27.222022¢

COnTINGE

PoeTaPO/PY
{F(P2PT=+5251233,232,230
IF(PaPT=1,1232,231,231
TSP

GOTE 234

ANTKNP s POPTae (147148185 RT(1+=POPTae(4/1.4))

GETH 234

WNTEKyPs s 2588

CORTINGE
WYTNRBaFUN2(3,PTPH,NRTTB,S5)
wToe. TTNPRPR/TRSICN
PTERRaATZ2aw Ty
IF(PTERR*GT..0005) GBTH 241
IF(PYERR*LT.oe0005) GBTE 245
G8TH 2%¢C
IF(DPTX)242,242:243
DPTXe=DPTxee5

PT.DYQQD]*

cBTeE 220
IF(DRYXIZaT, P40 247
CurTihgE

FaTe JF 74N

e 4 A A P A Rty e n

et B

n—




366
387

36g
363
372
37
372
373
37
373

377
374

3&7
388

39
395

397
398

- 399

&2
hc1
b2
%03
by
[ Ya)
406
LY/
408
499
&i9
411
412
813
b1s
15
L)
417
‘1B
419
429
421
22
423
2s
a2y
*26

Table A-2. Reduced-Order Component Model (Continved)

0109555 TTeTENM(1,54T,uT,Ty)

05020856 IF(SENSE S 170 #)R098,8092

05079557 809, CH TynyE

9+0-2560 WX (K ARaPTan  TKNPe 8)/753RT(TT)

J1050561 WNERIe ANXa .\

0300542 IF(I114EQey) 53RT2 40

0490~0563 FenvERR*GT.,0nS) GATe 5951

03050364 }F(hwiﬁg'LT--"O5) 5ATa 5955

050,065 T11sy

04c50566 Ga¥a 99 .

39050567 E95) IF({041\x)5987,5952,5953

050-0%70 5952 DwlingseDh]uyxess

030,0571 5953 wItzalneDulny

0400572 GBYY 9g

075,0573 595 IF(Dalwx15252,29%3,5952

0AC~C37% 6: CINTINGE

079050575 DLANTEHBY W T{ 4 HCDSWTCauT o sN

J9050576 WFV 3 360%.8afF

036230577 WRITE(6756;

09050600 ~RITE(6252) LsPBsTRs sB2ETASSHB,PTPELwRTTR,DHTINTR, WTTNPS

0000601 J e 13

00020602 wRITE(6257)

09020603 ARITEC6252) JaPTa T, W T s nFaHTsDLWHT swna wNTKNPSAB

0200604 AcPa350.7334498

01050605 CrrCoa COaSRT (533 TCD/ (198032217 (PCDaALD)

010 0406 FMCDeRNFMCERED)

920350637 CrMNawin®S29T (5393 T T/ (14483242) )/ (PTeAY)

Ll P FMh s RNpM (v

0100611 FMAS G FMNaF oy

0904508612 AAARY s pe2FmnS

09030613 AAABAAAS®#3 .5

090,061 % IYYYYRYIYLYY

0103061% AAAR (1 shoFMNSe] o) nAAA

000730616 THRUSTa (PTaAAASPR2) s Ay

09450617 SPFCaWFM/TURUST

00090620 WRITE (926791 )FMCDs FMN, wF M, THRUST, SPFC N

00070621 6791 FORMAT(1H0,2xs5H MCDeG13e5s0H MNgGi3¢505H aFMaGiIe5s8H THRUSTLG13e
0n0,0622 - 15261 SPFCeG13+5)

09050623 BCOP2PCD /P2

00020624 WRITE{9,6792)PCOP2

00050625 6792 FORMAT(1Hy, 74 P3/P2sG13+5)

00050626 wRITEL6221n8)ITERY, ITER2, I TERD

09050627 2108 FORMAT(1H),5ysBHITER] s [5,5xsBHITERZ & 15,5,,8HITER3 & 15)
02040630 Sn FORMAT (1M1 suys4HN & sFBe2sbys6HABL = sF8eh 8, s8HBYE o sFReur by,
00050631 $BHIGYVPR * ,FRe8s4y s BHOGVPR = 2FB.4)

09090632 S2 FORMAT (1H0,1329513.5)

00090633 Sq FORMAT ({H0,2xs 1HIsaXaGHPY (J) s BX2SHTV () s BXsSHWD(J) s 7X26HwBL [ 4) 27X
00090634 1BHPSITX () 26X THVZ TR J) 26X THPHIX (U1 6Xs BHPSIPX(J) 25X 5HPR(J ) )
000506353 53 FORMAT (1H0, 3%+ 1HJs 6XaMHPOGV s 10X, #HTOGY 2 10X, #HWOGY 2 BX 2 6KWBL TBLIX, 5
00090636 {HEFF23,10K,48PR23, 1 0Xs kHTR23) .

05050637 Sau FORMAT(1H0, 3x2 1HUs 7X2 FHPCD2 11X 3HTCDs 11X 9 IHWCO41 2 Xo IHWTC, Ix # SHDLWH
09070640 1Cs 10X o HKNAS)

09030641 S5¢ FORMAT(1H0, IxsaHJs BXs2HP RS 12X 2HTB, 12X s 2HWE 2 | OX2 SHETAB, 12X, 2HHB s
05000642 1102 4HPTPR, Oy s SHNRT T, 8X 2 6HDHTNTB , 8X 2 4HWTTNPR)

00000643 67 FORMAT (1M0, 3xr 1HJsBXs2HPTS 12X 2HT T, 12X 2 2HW T 1 2X s 2HWF 4 12X 2HHT9X, S
09000644 THDLWHT ;1 2% 5 2HWNs BX s GHWNTKNP 2 12X 2HAS)

00070645 ICPVY & Pyt

00000648 1Cwo0, wl(10)

00050ea? 1CWD1gW0(11)

00050650 IChV1swY(1])

01050651 ICTWVLaTWy 11)
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Table A-2. Reduced-Order Component Model (Continued)

- 1

. 427 00000632 1CWp2anD(12
g s%i 00090683 1ChVoenVIis) ' ‘
429 00000654 1CTwy2y THy (12) 4
435 00000685 ICWD3.W0 13, )
431 00000656 ICWVIanV(13) : :
432 00030657 1CTWY 3, THy 13, !
433 00050660 1CHD4SWD (&, j
434 00050681 TCwVaewV(lay ) ;
35 00050662 ICTWyA THY 14, E
1 435 00000663 ICWO5aW0 (45, i
A 437 00000664 ICWVSe V18, ;
438 0007086% ICTWySaTWY( 15) :
439 0noplesé 1CWp6auwD(16) ;
485 00000667 ICwVerwVi16) i
481 0pDPO6&TO- 1CTwyéaThy(16)
442 09090671 1CWDTaW0(17) :
443 00050672 ICWYZauVi17) : i
h4s  0ppy0673 ICTHY?aTWy (17} :
45 0000874 ICWDBawD( 1 B
446 0pppo6?S 1ChvBawviga) ,
487 00050678 1CTWy8s "Wy (18) :
448 0nop0677 ICTWEG = TwlG 5
449 00030700 1CwlGY = weay .
455  05¢p0701 I1CwDBG = WDOG :
. 451 00000702 ICTWCD = TWCD
455 00020703 ICWCD o WCP
* 453 00030704 ICWDCD s WDCD
454 00000705 ICWB = wB .
455 000230706 ICPB « PB )
. 456 09050707 ICHB « HB i
457 00000710 ICRT apT/kyrsTY H
#58 00030711 1CRHT & HTe ICRY 3
459 Onos0712 DB 298 1sy,8 :
i a63 00050713 Ilalelc i
: 481 0007071 KGAL ¢ 11V exGALLT) §
482 00030715 29p KvBL(I1)skyBLLT) B
463 02050716 THMICaTs :
sgy 00030717 T85Se Ty i
dgx  CO010720 THaTh :
*q¢  OgopOv2l 3333 CONTIAGE
.%g?  On0p0Ovz@ NXUEaNxeNJeNE
g8 £0020,23 NX18NXa1
459 0007072% NERa K4 NR
1 433 02000725 SIGNals
3 471 02020726 WRITE(929041 )
o3 &2 00030727 WRITE{928060) (x(1)sTutsNx)
g 473 00070730 al6c FBRMAT(E20.R)
.3 478 0cp)0731 8061 FORMAT{1H],
475 00050732 WTeWT]
47¢ 0900733 CALL DYNAw{a,Pys TV, X3ALsKVBLKNR)RADKRADS <A, TWV WDs WV KBLDIDPRB, 1
477 090070734 1)
478 03020735 w8 =,BL3
2 479 0000736 WHL- =«BlLy
487 0040737 wBL5SsaBLE
481 00090740 WTSe T
#82  Q90007ad ATCSenTC
- 483 035070742 wRITE(9,8061)
“84 09050743 WRITE(9,9090) .
485 0900074 900~ FARMAT(///7,5X,91HSTEADY STATE DATA FROM SUBRBUTINE DYNAMICs///)
48p  070,0749 wRITE(9,9001 .
‘ 487 02020746 9007 FORMAT{BX, 1 HN, 14X, 2MwF, 13X, 2HAB, { 3X, IHBYA, | 2x, IHABL )

3 73
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Table A-2. Reduced-Order Component Model (Continued)

01Cz0747
09950750
05020 «51
0ng-d:52
01y~0753
0ng ;9754
07507585
V5010786
onaz0757
0~s 0760
05047761
Q0762
GnenC763
01400764
0.,0.076%
0ng 0746
002n747?
2000720
0a% 0771
03930732
3¢ 0727
I G2k
b YY) '\C77=)
23040776
09950977
03021500
0:0-' 1
Cy0lin?
U3t
Bl WL
Oap,ten®
[V ToRrs ITAL)
0seatag?
2s¢c 1:10
Jyentatd
o0, 1442
0ynals13
‘RIS R
300115
‘Rl L i
Ir2-1-17
Q0,120
RN E-3 |
a2
27
Cau
Ph
=4
Y
'
31
3P

AN oSN BTG SRGES R o]

HE . 3 )
=

LR o b SN @ N

9002

9003

9004«

9C0=

990¢

3c1~

823
o ANf

-

r Twn

AC3p

WRITE(929010) NaAFsARSBV I, ABL

»RITE(S2 9072}

FORMAT (77, 6%, #aBLT,11x, 0HABLY, 11X, %1a5LS)
WRITE(9,9010) «BL3,WBLs,~BLS

WRITE(9,90013)

FARMAT (/73 7% s 34WCD212Xe3RTCOP12Xs 3HPCD21Px s 3InHED}
wRITE(909919) wCDsTCDNPCOSHLD

wWRITC (9290 0y

FORMAT (/2 7xs24aBs (IXs2HTB 1 IXs 2HPL 13X 2HHB ) 1 IX9 IHKWB 11 X, 4HETAR)
WRITE(929)19) AB4TB PBsHusnwBIETAB

wRITE(92925)

FORMAT (/72 7X22HAT2 13X 2HTT213IX22HPT 21 IX 2 2HAT)
WRITEI94901C) #TaTTsPTadAT

wRITEL94%096)

FORMAY (/727X s 29 N0 125 $HCNAB L 12X FHND TS 1 | X s W HTHD T2 §2X22HTM)
PRITE1929010) ANsKNAB,NDTSTMOT, TM
FORMAT(2Xpp12eSr7(2X2EL12e3))

wWRITE (928021

WRITE(9487A01 (DX(1)sInls N}

SRITE(92896m1)

wWRITE( 9283721 (DX (1) s aNx1sNXR)

D8 8131 Imt, XR

DxN{plaDX(r)

Cy 845 Jey, Xk
SIGNe=1e#51GM
]F(X(J)-NE--O) 3aTs 3723
F(§1G. LT en) GuTH RAD32
PERTgDRERY

Gote 3704

ConTInGE
PERTaSIGNex () #DPERT
ConTInuE

Y aX(J)ePERT

CALL DYNAMLAWPYITYIKIALI R VOL Y\ RIRADIKRAD KA, TV 2 rDs WV KBLD#OPRES 2
)

voL 3ewuol 35

wt 4an-l 4G

io Senil5S

¢ TanTS

2 T(s ﬁT-"S

X(J)uk(JlamrgT
TFiX(dysbseen) 39T 47208
TFiSta-R~33,7" 54, 1135
(A~ TN F

TFUS1G el TeemexNneaBS (x(g) =1 o) o ToALS(PERT)) G8 T8 3701
Ry leg, vxw
LXK enX Ty

THLF

FoFY ok

8734 Latlymuntiyr

2704

170

27"

'

Ty t3n
TN F

k)

w

TR M
1727 len
Ex i TyaldX gty

Atlyeax™ery
biv Tae sPenr
T4 An
[STRR R L

_"’/—.
ot d trom
h Eee‘:\r ’J::}:\Tab\ﬂ ‘ apy.
—f,——....—.ﬂ
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'Table A-2, Reduced-Order Component Model (Continued)

549
553
56,
552
553
584
1.1
556
5%7
558
559
560
561
Sep
563
564
Ses
566
567
568

N E W -

OO NS W e

——

D N U W e

—

0nosioad
R
00001046
00031047
09051050
00051051
01031558
00094083
00051954
00051955
00051056
Uo0ai0s?
000aio08L
0noolos!
Oogplas2
Qnoglips3
Qooplpss
00051065
0000l0ké
0n0gios?

09070000
0005901
0o0a0002
00050903
Cn030p04
00000005
01070006

07000700
0nCa09n01
010,0002
00050003
0000004
01050905
000,006
0nea0n07
0200210
0030911
Onealet2

090~0000
Q2020001
0np0n02
0n030c03
0nG5 0004
040, 949n%
27030008
LD 0 A7
01010010
Onry001d

370z

804p
809g

DO 3702 lay,NXP
Dxi(17a0xN(§)
PERTa +5ePERT

GOTE 8035

& CONTINYE

FBRHAT(I?X/7xlSN COLUMN 137)
DB 8036 letaNXR
CLMt?)i<°x(!)voxx(l:)/(a..ABStPERT))
FORMAT(13,4E20.10)
Dx{1)sDxN( 1)y :

WwRITE(3) (CLM(1)alalaNX)
WRITE(3) (CLM{1)adaNX1aNKR)
CONTINGE

GOTe #p99

CONT 1HYE

PAUSE

GOTS 8099

END

FUNCTIBN  INTGRL(IC,pXDT)
COMMAN,/TDATA,TIME,DTH
DIWENSION DNy(SO)

REAL IgalnTgRL

INTGRLe IC

RETURN

ENE

FUNCTIAN IDX () dsta NXaNY)
DIMENSIAN by (51 oNY (5]
<SUMaQ

TFIN,ELaly gRTa 4
NvaMal

0O 2 Lelann
mSLMaKSUM Ny (L) eNY (L)
CONT INUE
TOXexSy+ Tt ot ) oNx )
PETURN

ENG

FUMCTISH aqrri(nRAT)
REAL NRAT
lF[NRAT.G’.:HS) G978 1
ARFNgl1g2 0y

RETURN
Aa70.51/°15491,5
Ran?neBl/e g
ABFNgAeRanNRAT

RETURN

EAD

()

o B i e i G




Table A-2. Reduced-Order Component Model (Coniimmed) .
k- 1 090950000 FUNCTION FNISET(N2ZXINPINLINZ)
3 2 0n0p0Op01 L COMMBN XX (17,5)2YY(1725) o NX(5)aNY(5)2222(593)»YDEL(10}1211(10000J(1
? 3 0o0nloc? 10)2SLP1(10)ssLP2(1D)47PT1(10),2PT2(10)
& 00090003 COMMAN X1(21,21)221(21221)sKK{0)sMX(23)aXDIF(80)25LP(80)142PT (40
§ 5 00070004 DIMENSIBN 2x(1) .
A 6 05000005 MX(N) = Np
! 7 00050006 D8 10 Jel,np
8 00000007 Knpe )
b 9 00000010 X1tJaN) & Zx(K=l)
5 10 00000011 10 21tdaN) ® ZX(K)
3 11 00050012 FNISET & 1.0
g 12 0p0pOo13 Ds 30 NRsNi,wN2
13 00000014 KK(NR) & 2
14 00000015 XOIF(NR) u X1{2sN)=X1{1sN)
15 00000016 ZPTINR) & 21(1,N)
16 000g0017 SLP(NR) #(Z21(2aN)=Z1(1sN))/XDIF (NR)
17 00000020 30 CONTINUE
18 00090021 RETURN
19 0p0p0p2? END
o, " 09040000 FUNCTIBN E~2SET(NaxaYsZaVxPaNYPaNLIN2) -
i 2 0n030n01 COMMBN XX (17,51 2YY(1755),NX(5)aNY(5)2222¢593)2YDEL (1011101000 0J(2
3 Onon0s02 10),8LP1I10),5LP2110V2PTLI(10)42PT2(10)
s Qnoo0o03 COMMAN X3 (P1,21)2Z1(21421)2KK (401 aFX(23)axDIF (40)aSLP(40)22PT(40) .
5 Qonz0rgs DIMENSION X $312Y(1)22(1)
& 00000505 Ic Nx(N) & Nxp
7 0nCa0ues NY(N) o« NyP
B 00050207 DB 18 gsl,nYP
9 010,0510 YY(JaN) & v )
10 05250411 Ny 18 Jel,nxp
11 0030012 K 8 [¢(J"1)erXP
A 12 0490202013 LLaIDX (12 Jen sNXINY)
v 13 0npa0x14 1o 222(LLyed(w)
3 1% 07090015 Cy 27 1sd,uxp
3 15 09050316 2o xxtl,Ny = (D)
i 1% 0n0n0017 FNASET u 149
3 17 04020220 Dg 39 “Rey,2
. 18 0nea0np! 1Tin) = 2
i 19 0nngload JUINR) w2 .
! 27 0n0c0023 XDEL » XX(2,n)=XX({2N)
A 21 000n0p2h YOEL(NR} & YY(2aN)=YY(iay)
3 22 0n0,032% LLsInX (121 snaNXINY)
4 23 0n0-0n26 ZPTL(NKY®Z27¢LL)
24 0p¢a0u27 LLeInX (1225 4sN%2NY)
3 25 05050030 (PY2(nrI®Z2Z(LL)
ik 26 0000073 LLslnX(P21ananxaNY)
4 27 0ngn0332 SLPLINRY*(722(LL)=2PTL(NR))/XDEL
0 28 0000333 LLe DX (22200 aNXINY)
3 29 0ngr0n34 SLP2INRIB(22(LL)=7PT2(NR) )/ XDEL
3= 070,035 3. CanTINUE
31 040,0436 RETURN
32 0noL0)37 Enp

76
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Table A-2. Reduced-Order Component Model (Continued)
iy { 02020000 FUNCTIEN RNEm(C)
2 01070001 xKuC
3 07090902 IF(CelTer5R) GATH 4
k 4 00020po3 RNFMsle
g 5 09020004 RETURN
; 6 00070005 1 XKSsxK XK
7 00000006 An(leee2%%xcS)
8 09050507 ASeAyA
9 00000010 ACeASeA .
13 On0gOotl UPuCeAC=XK ;
11 09090012 DNelo2aCoXKuABels
i2 0nDpOot3 XKFiaXK=(UP/DN) ‘
13 Oo0a0c1¥ RATsABS(XKP1/XK} ?
14 00090019 RATeABS(RATeqs)
15 0o0o0016 IF(PAT«GT..001) GBTE 1,
16 00050017 RNF Ma XKP1
17 00020020 RETURN
] i8  0Oobglp2} 10 xxKaxgPy
3 13 090p0p22 GETA }
3 25 00000023 END .
1 09030000 FUNCTIBN TENH(NXJFAXsHX2TV) s 2
2 0a0H0001 DIMENSION Ty(2n) { i
3 05000002 DTxw50. D
& 00030003 TXa Yy INX) } o
5 03050004 51 CALL PROCAMIFAX, TX,CPXsGMXGMXXIHX1a [FA) v
& 00050005 IFLIFA.GT.1) GATE 70 i
7 0nopCooé TXERRmHX*Hx |
A 01020007 IF(TXERR+GT,4N01) GOTE B2
9 07050510 IF(TXERR Toeon0l) GBTE 5%
10 07050011 G8Te 60
11 0j030m2 2 1F(DTX153,53,54
12 09000213 53 DTxwal"xsen
13 09¢3Cute 5u xuTy+pTX
14 0190-0015 Guve 51
15 0non0916 5& (F(DTX)%4s50,53
16 07070017 € éBLT!NUE
17 07030020 7 CorTINUE
13 09070721 TFAHRTx
19 OneACpr2 Ty(NglaTX
27 09070073 RETURN
21 03C)0n24 END
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orp_ ornl
0nn- 0907
O?CTCJCB
0+C- 27Ny
09C . 0705
o SR
Il s i g
O?Q'Qilp
OnpeCrgt
Q3¢ oM
L NN
[Pl RER
0n0~0216
C~rz0M7
0~ - o020
0-2.0~21
[Tl AT
0naC V23
OU-raC-Py
017 “0LPS
7T R Il
0nc 10 n?
0nc 0239
0-¢:u -l
Qynl 92
0nC ;9.9
Onr 0,34
0~6:Cna5
9700135
°7C;QJQ7
90,0740
0r~0nal
048:0047
0360763
OWG:C:k“
0 Coe®
0n0nCry 6
07020547
090,00%0
UnCu051
Qne~QuRR
0nQ390783
0,0.,6:54
PR TN L]
Qan- OzRE
07¢.,0:87
0~r- 0260
0~r: 0764
0n0- 06
Q10 .,0,63
One ,07h%
0900 A%
0np-~0166
fac 007
020,00,70
0+0:0571
0nc- 0072
04750.79
0npoQp7é
800¢007%
00070076

Reduced-Order Component Model (Continued)

?J:aquryN; PRACAMIEARY , TEXsCPruM » G XaHs [FAy
FAs
IF(FAPX'GT-QI’ BRTe 2
FakxeDe
]FLI’
6675 3
TE(Fak,oLT44767623) ifTH g
FAR xasnhTg0q
TFiwy
« IF(TFX=180%) 2Ns17s=%
o IF(TEXeLTeynn0) GRTD 7
TEX®, Q0.
IF(IFALEGLy GPTAR N
IFimo
GOty 1,
s  lFae3
SHTB 1y
7 IF(TEX=23074) 9aly.R
r IF(TEK=25370) 1401m21g
¢ IF(TEXeP22 .y 10082012
1 CPA 3 P6,,4PerE=5a(TEX=1500")
HA 8 (4PPR194147927=RaTEA) e TEX4203735
o4 T3 R
17 CPP o oP779041 ¢ APE=Ra(TEX=2000 )
HA 8 (+PPR1941.292F 5 TEX)#TEX4209723y
LY T 0
1. CPA » .;771w¢1-“9E-5.(TEx-20U0-)
A 8 (2SR G JeE =6 TEX ) TEX® 17404
Gio Ty o
lr CPA o »2RER41017E=Se(TEX=25000)
A 8 (4725099745360 =60TUX ) TEX= 170404
tyg Ta 2
27 IF(TEXeGTeanne) GBTO o)
TExuy07e
IFtIFALFGLry GATY 4
IFAJp
GUTe 24
51 IFas,
GeTO 24
21 IF(TEX="004) 27028020
2o TH(TEX«1R9%) 2B23%040
2% TF(TEX=70746) 2usp6bi06
2u CPA » 12390+ 1 viE*Sut TEX=5004)
HA 8 {opPAD3410126E=5eTEx)wTEX 4345214
Go Th W
B¢ CPA & 1201ueovubF=Be(TEX=700+)
HA » (222637243 0126E°38TEX ) e TEX+345214
Gy Ta 40
2+ CPE w U8 a0 E=Ge(TEX=9000)
HA 8 (2P2A0747e3 200 BaTEX)sTEX43 452 0
0e Ta 40
3~ CPA & «p4BRe3+1E=Ge(TEX=90Q)
FA 8 {07P%79¢7e292F"5aTEX) o TEX42+373
47 CPF w ¢93372=(5eA7EnB43027E=80 (3500« TEX) ) w3500+ =TEX)
HFE 8 (.50R00,6,1A0F=%eTEX)aTEX] 32000
CP v (CPAWFARXWCPF )/ (1s+FARYX) :
[T (HA»FAux.Hr)/(1.¢FAH‘)
Ay o ?8-97--9h61BL!FAﬁx
WEX o 109Req7/4%4
GM s Cp/(CpaREX)
GMX » Hate L)
RE fugn & mrm e
ENG




02030000
Qo020001
Ootola02
00050003
0nDpO0O%
05040005
01050006
09000007
02000010
13 09070011
11 0OoDgOn12
12 05050013
13 00050014
14 00030015
15 000pp0D16
16 00000017
17 Qo0a0020
18 00000021
19 0n0Dp0p22
27 000n0023
H 21 00030024
i 22 00050025
: 23 000p0026
: 24 0n0j0027

5 00030330
- 26 090050031

27 09000032

28 09020033

29 00090034

32 0030035

31 09090026

3z 0n0n0037

33 09070040

3¢ 09070041

35 01090042

36 01000043

37 09070044
02020045
39 00030046
42 000p00s?
Y1 0nc30050

DO DG F W e

et
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Table A-2, Reduced-Order Component Model (Continued)

To4n
lég

15~
18,

19¢ 1!

20n

30¢

FUNCTIgN FUn{(NaXININR)

COMMBN XX (17,5)sYY(17,5)aNX(5)aNY(5)2222¢593)2YDELLL0)211(30)su11
1015 P1(10),SLP2110)2ZPT1(10)22PT2(10) .

COMMBN X1(21,211#Z1(21521)aKK(40)aMX(2D)axpIFLA0) BLP(40)2ZPT(40)

IBLD = KK(Ny)

NP & mMxlvy

IF(XIN-XI(IGLD;N)) 105,105,120
IF{XINaX1 (10 D=3sN})) 140,140+110
¢ e 10D

G8 Te 250

COBUNT yP

IF(XINeX1¢NxPaN)) 12551800300
NF o [0LD 4 1

D® 130 1 = NFsNXP
IF(XINaX1(1,N)) 2000200130
CBNTINYE

G8 TA 200

CBUNT pBWN

TF(XINaxl(1,n)) 3000 190,148
Ne oo 1BLD - 2

D8 150 K s {anL

I = 18D =

IFixInexl¢la1sy)) 150,150 200
CONTINUE

GO T8 200

!INXP

Ga e 2c0

s 2

XDIF(NRY » x1flaN)exi(l=3,N)
PTIGR) = 2itl=10N)

SLPINR) ® (21 (1aNI=ZPT(NR)IZXDTF (NR)

A~ XInC ow xIgyexitl=1an)

FUnl o ZPT(\P)+XINCHSLP(NR)

KK(NR) & ]

RETURN

CanT InuE

T XINL T ax 1 (1N IFUNTRZE (L1 aN)
TF(XINGGTaxt (NXPON) IFUNT®ZL (NXPai)
RETJURN

EnE
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01000000
048050001
02000502
00050002
QoenOo0»
00090505
00000006
00000007
00000010
00000011
00000012
00050013
00030014
00000015
00090016
16 000p0017?
17 000p0020
18 Qo0poc21
19 0Qoopnloz2
20 Dooplo2d
21 0o00p0g2%
22 0oogoo2%
23 000pQ0p26
24 00000027
25 00000030
26 000050031
27 00000032
28 00000¢33
23 0Q000003%
30 0Oo0p003s
31 0000003
32 00000037
33 00000040
34 000p0Dos1
38  Op0plos2
36 00000043
37 Gu000044
3g 0000045
39 Coooloasd
40 Q0000047
4t 0J0p0050
42  C00aCa8l
43 000000%2
e Q0000092
% 00050054
46 000p00B%
ay 00000086
o 000000%7
43 00000040
80 00000041
£y $00000e2
88  00000nNgd
83 0000006*
8y 000000s%
85 30000046
s 000000g7
, 87 COo0gOo70
: 88 00000071
L g® 000g0cre
o0 GCoOplo7y

[ el el
AFWRN=O WSS WM
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C

C

105
iie

120
12s

13p

lép

150

18¢

i3
20p

208
2ip

€24
228

23)

24%0

173

280
280

2%

3%

Table A-2. Reduced-Order Component Model (Continued)

FUNCTTAN FUN2{N,XIN, YIN,NR)

COMMAN XX(17,5)sYY(1725)aNX(S)aNY(5)22221593)12YDEL(LO)# 110100 0Jd(
103sSLP1(10),8LP2(10}142PTL(10)42PTA(10)
COmMMAN X1(21,21)221(21221)sKKI%0)sMX(23),xDIF(40)2sSLPL40)»2PT(40)

TEST FAR x IN PREVIBUS INTERVAL
CXP s NXIN)

18LD s lI(NR}

IFEXIN = xx¢I8LDsNY) 105,1054120
IF(XIN = xx (IR D=1,N)) 14021805110
I » 18D

Go Ta 200

COUNT UP

IF(XIN o xx(NXPaN)) 125,1800180
NF = 16L0D & 1

DB 130 I « NFsNXP

IF(KIN = XX(12N))2002200,130
CONTINUE

G8 T; 200

COBUNT DBWN

IF(XINQXX (1, M)) 190,190,145

NL » 16LD .2 .

P8 150K » 31,NL

| XBLD - K
IF(XINeXX([w1,N))150,150,200
CONT INYE .

GOTO 200

lanxp

KINEXX [NXP, N)

68 Ta 200

I = 2

XINeXX{1sN)

TEST FBR v 1N PREVIOUS INTERVAL
NYP & NY(N)

JOLD « JJINR)

IFCYIN = vee OLDeNY) 208, 208) 220
IF(YIN = yy(JOLD=1,N)) 280,280.210
¢ u J8b

IF(1=18L0) 300.400,300

COUNT UF
IF(YIN = yY(NYP.N)) 228, 230+230
NF = JolD + :

0B 230 J « NFuNYP

IFCYIN » #Y(JaN)) 300,300,230
CONTINGE

a8 T3 300

COUNT DOWN

IF(YIN = YY(1aN) 129 290,248
NL o JOLD « 2

pe 250 K s [JNL

Jou JBLD .«

IF(YIN oYy wl1sN)) 28042804300
CONTINYE .

6o Ye 300

J ®» NYP

YiNeyY (NYP N}

a0 Ye 2300

"ER

YINevY(ioN)

“COMPUTE Z(Y) INTERCEPTS AND SLOVES

XOElL » EX(JomiexK{]wiaN)
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Table A-2, Reduced-Order Component Model (Continued)

61 00Da0074
sé 08030875
63 00030076
65 00000100
66 000p0101
67 00000102
68 00000703
69 00000304
70 00050,05
7y 00090506
72 0Adn0t07
73 00000110
76 Q0050111
75  Dpop0112
76 00000113
77 000p011°%
78 00000113
79 05030115

s0p

YDEL(NR) & YY{JoN}sYY( =1,N
LL.&éx(*-;.3-§fN.ﬂon§f 1.8
IPTL(NR}®222¢(LL)
LLsIDX( "8, JaNaNXaNY)
IPT2(NR)*Z222 (LL}
LLaIDX (12 4m1 gNyNXsNY)
SLPL(NR)®(222(LL)=2PT1(NR))/XDEL
LLaIDX (12 JaNaNx2NY)
SLPE(NR)D(lzz(LL)-zPT (NR))/XDEL
INTERPOLAYE FOR ANSHES

I1(NR) = }

JJUINR) » g

XING & XINsxx{l®3sN)

P12Z a ZPT{{NR)+XINCeSLPy (NR)
P22Z » ZPT2(NR)+XINCaSLP2(NR)
YFRAC » (YINaYY(J=1sN))/YOEL(NR)
FUN2 s P127 » YFRACK(PR22+P112)
RETURN

END
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Table A=2, Reduced-Order Component Model (Continued)

[ L To I B Sui UTINE My d“(APva Ty, 3ALs <VBL IR RIRADKHADIKA, Tavsals Vanobl s
2 070,01 10PR 3, 11T
3 01610132 DIVENSION a(201aPy (20T, (20)240AL(P) auALIPY) akNRIRISRAD(R)
4 Q:030~73 CIEuSTAN <QADc=):~A¢3~).T~v(2')‘wr(ao)aav(? ) o%plD(R)YSDPRIL14)
! 5 04020004 Cu~man, TOATA, T4, DTN )
i & GI0-CanS COMMANDATA 0l 2)aL (@) sETAL) 2 0UXNL RA)aDX( &)aDx1( 62aCLMC &)k BLI
' 7 C-pLC_25 15 RTu, Ky LG e K ,ALEGA RV vTCakKyRLCD s <GALCD, KAa2 R GAL
! 2 0903Cw7? AhT, g2, MTaHCN Iy L 32 POs aNIRNARIKSPEEDIRGALIGeXF I5V,K 3,
a Jng 0310 ArolTennsl 4 v 3L a0 s WL TRCUIETAL ) LT
12 0ncz0n1l «2TC0, wiis B s PR FRRBK
11 d7cc0Mm2 REA!, K=:Kn.\c1.ICv.wc1.;LQ\FR:I SvaR1 K3 <, KE a7 LaKGALI VUL
12 0nCa0713 REAL WyvPRLB5,kGALCGsKVOLL JanGALCOIKGALBAKABsXvOLBKYBLT,kKSpEED
13 020-Chie REAL KFIGV ACX KNRpKRADICAIRIGY2ANAR,ARTTY, ICPv0,1C, DD 1C 11
16 030,0:15 REAL 1C.C2, 1cwC 3, rc,ou
15 07000116 REAL 1CLD54 1CuLhs - 1CL07
16 0nC,0217 FEAL . 1C.0R, 1C408Gs ICTACD, 1C, L0
17 090.0720 REAL 1CA0CR, 10,3 1CPA, 1CHB ICRT, ICRHT, IC p  PsNC2aNCIANCUaNCSa L6
1R " 090,0,21 REAL NCT2NCRONDEDS TTERS 1 PL INTGRLKIC
19 0n0n0y22 FEAL wAax21C.DR5. N\ DT
i 23 9~e50re3 REAL KuLD,cp,NOAT,wGALTGakvELT
- 21 0200024 EqulvlLENcF(xCr;\.-(x))
22 01020325 ELLIVALENCF .
23 97027026 ? \DT2OX( 1)):(uF»u(l’)n(aJEaU(’)):(AB;U(?)):(D’)ETA(l
24 J001Ca27 1)),(rv aT2.FTA(2) )0 (PBAETA(3)Y) s (ulH)eAsl)
25 Cng;0zal ELLTyALENEE (TulgaTaax2))s (TwITuBxt2))
26 01090-31 EGUIVALENEE (PeDadu {312 (PYa0x (81)atT5s0x( 5o (TTaDX(5))
27 0nC20n32 wdawT=,F .
28 0700Cn33 vl denTeenBlAendl easdln '
29 J9CzI03s 9r cBMTIN E
5 0202C:35 CELPTe el .
31 01020736 CELWD0aC* 91
32 0020037 1tFRy{ec
33 0nps0s40 ITERpsr
38 QOo0o0nel 92 CONTINE
33 00000zed RTHGOWSYRT (TVva/31847)
36 09070043 08 299 Isg,n
37 020 0z4 % 299 «Ne(I)a(MNegan(1)ies?/x2
: 38 09020049 d
39 01070046 C oYrAMICS
) 0OnezDe? 4
4] 09090750 ¢ D LEY A\D STanf B.E
. 42 00070258 C
! «3 00000082 €1 s - /RTWD
i by 09070053 ACIN » ~C1/16500
43 07000.58% TuvPe & Fugt(2a8Cired)
g 0905005% PYr s PREIGVPR = «005eP?
&7 0nCz0056 W01 o AD0
48 0n0"0087 DELO o PVO/14e7
«3 09020)6° FP1 u AD1eRTWO/IDELORA(1)))
S 02070061 viT] & KA(1) & «A(11)eFP]| + KA(2])1eFPLeFP]
51 00030162 PHTIL o VIT1/(KRAD(1)eNCY)
S2 00000763 PSIP) » FUNR(24OH[1sUVHI)
53 01020064 PDin PyO%(1.4PSIPIakKVR(1)/TVO)un3eB
Ss 00020069 Pvi &« PD1
55 040301766 FSITIerUNR(5,P11,3VA,10)
56 07020267 101 » TVO4<hR(1)ePSITY
57 017030070 Tvi « 101
28 020n0071 C
853 00072 T StTAGE Ta®
&2 040n0373 4
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Table A-2. Reduced-Order Component Model (Continued)

88838378

00000076
000090077

© 00000100

90000101
00000102
000003103
00000104
00000108
00000106
00000107
00000110
00000131
000g0112
0¢000143
00000114
000001153
000001156
00000117
00000120
00000121
Ootb0122
00050123
00000124
00000129
00000126
0g0p0127
00050130
00000331
00000132
00000133
00000334
0000013%
Co000y 3¢
00000137
00000440
00000441
Op0p01#2
00000143
000003 44
000001 4%
000001 4¢
000q0147
00000180
00000151
" 0000018E
00000182
00000154
00000158
00000156
000001587
0000¢1 60
00000362
00000162
00000163
000003 6%
000003143
9p0g0i 60
00000147
00000170

RTHY » SGRT(TV{/518.7)

NC2 o N/RTHE

DELL_ » PVi/tae?

wWD2 s wD1

FP2 o wD24RTH1/(DEL1sA(12))

VT2 = KA(2) + KA(12)eFP2 + KA(22)eFP2aFP2
PMI2 » VIT2/(KRAD(2)aNC2)
PSIP2eFUNy (5 PKI2,7)

PO?Z » PVia(1+#PSIP2eKNR(2)/TV 0635
Pyp » pD2

PS1TPeFUNg (8 ,PMI2,9 )

TD2 « TViexNR(2)ePSIT2

Tve « TD2

c
C STAGE TMWREE

c

RTHZ = SQRT(TV2/518.7)

NCI oN/RTHZ

DEL2 a PY2/14+7

WD3 » wD2 B

FPI » wD3a4RTH2/(DEL2eA(13))

VZIYI = KA(3) + KA(13)eFP3I + KA(23)sFPIefP]
PHI3 e VIT3/(KRAD(3)eNC3)
PSIPIrFUNy(7,PHI,11)

PD3 » PV2e(1e+PSIPIsKNR(3)/TV2) w035
PVl » PD3

PSIT3IsFUNg (8 +PH13,1)

TD3 » TV2eKNR(3)s#PS1T3

Tvl « D3

RTHI = SORT(TV3I/E18+7)

WBL3 sxBLD(3)¢ABLePVI/(KJeRTHI)

C
C SYAGE FOUR
<

WD4 = wD3eWBL3
NCa a N/RTHg
DEL2 = PV3/iar?
FP& o wD“oP¥H3/(DEL3oA(15))

VZIT4 3 KA(u) « KA(14)aFP4 ¢ KA(24)eFPAeFPs
PHI% s VZITa/(KRAD{4)SNCS)

PSIPusFUNy (9 ,PHIN,15;

PO4 » PY3n(1s¢PSIPASKNR(#)/TVI) 0038

Pvas o PO

?S1TaeFUN  (19sPMT8,17)

D4 o TVIGRNR(4)ePSITY

Tvé a TDH

RTHe o SORT(TV4/518:7)

WBLE sBLD(4)@ABLORVAE/(K3aRTHE)

c
C STYAGE FIVE

c

WOS = WDbewpL#

NCE o N/RTHS

DELS_ = PYa,tae7

FP3 » wDSaRTMe, DELVeA;18))

VITS s KA'S,) ¢ KA;:S)Q*PS & KA 25)eFPSeFPS
PWIS « v2ts, KRAD(S)eNCS)

PSIPSeFUN]L (112PHIB,19,

FDS s PVoa(1.sePSIPBaNNR(S)/TVH 0038

Pys : rDS

PSITSerUNL (104PKH1S,21)
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Table A-2. Reduced-Order Component Model (Continued)

123 0000230
15s Cpup0231
188 Qoog0p32
184 00000233
157 Qo0ole3*
1sa 00050228
159 00050236
160 00000237
163 00050240
162 00020281
163 00000242
166 00000263
165 00020244
166 00050243
167 00090246
168 00000247
169 OpDQ0230
179 OpDoo2s!
173 0p0p025%2
172 00030283
173 000Dp02%%4
174 03030255
175 0o0p02%e
176 00090257
177 00090260
178 09050261
179 0c0p0ze?
185 04050282
1R 0nCH0z6%
1Rz 0509023

o8 5 ;x;éuuncu»oPOIvs'

RTHS o SORT(TVE/818+7)
LS TuBLO:E)*ABLEPYE/ (K3aRTHE

c .
¢ Sraeg SIX
(+

WD4 3 WOSewpL®
NCé o. N/RTHE
DELS_ o PYI/LaeY
FPs 5 WO RTHB/(DELSALL6)) .
VIT6 & KA{6) o KAL16)oFP6 o KALRS)oFPELIPS
PHIG o VET6/ (KRAD(4) g NCO) o
PSIPLaFUNT (13,PH]16423) _
PO6 » PVS,(1ePBIPRINRIE)/TYE ) upDes

. PveepDs . -

PEITeFUNY (147PH14,28)

TDs o TVS4KNR(6)0PSITE

THeeT0e

<
C S7AGE SBEVEN
c

WhZewls :
RTHS o sank(rvazsxa.s)
NCY? « N/RTMg
OEL6_» PY&/i4e?
FP? 5 wWD7eRTKE/ (DELOFA(L7)) . .
VIT? o wA(7) » KALLT)IeFPT o KA(27)aFP7aFP7
PHI? o vEIT7/(KRAD(7)eNCT)
PEIPTeFUNL (134PHI?7,27)
PD7 ¢ Pvbe(l+¢PBIPTeNR(7)/Tyvb)003+8
Py7epD? . .
? IT7eFUNL(1605H17,29)
D7 & TvbaxNR(Y)epB1T?
v Py7eT0?

C
C STAGE ElgH?
[«

WD&syD?

RTH? s SORT(TV7/518+7)

NCB & N/RTHY

DEL7 s PV?/14¢7

FP8 » WPBaRTH?/(DEL7eA(18))

VZTE v KA(B) & KA(1B)egP8 + KA(28)srP8erps
PHIS = VITR/(KRAD(B)eNCS)
PSIPEapUNy(17,PH1B,31)

POB » PY7a(1c¢PBIPBOKNR(8)/TV7)a0e3:5
PvsepDs

PSITaepUN1 (18,PHIS, 33)
TO8 » TV7eKNR(B)aPSITR
Tv8atDs

0T LEY GUIDE vaNES

akalal

WEGY = WDB

TOGVS TR
BuvPReFUNY (3, NCINI D)
POGY8GVFPRuPpR

COMPRESSOn DISCmARGE

[aNakgl
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Table A-2. Reduced-Order Component Model (Contirued) [
af
183 09070266 WIC & +033eWDO - 3
18 06030267 TCCs TGV ;
185 00030270 WCD=swAGY i
i86 00090271 . PCDspAGY H}
187 0Qo0j0272 TwCDaPCD/kvaLCD i
iss 05030273 wDCOa TWCD/7CD i
189 00030274 C i
193 00030275 C  ByRNER ]
191 00030276 ¢ :
192 00030277 CallL PRQCon(o..TCD.CPCD-GHCDaGHCDx;HQDoIFA) :
193 00050300 WBeW(DeWT(
19& 00050301 FABewF /B
195 0Doo0p0302 NRATaN/16500. -
196 000350303 KwBeFUNL (20,NRAT#37)
197 00090304 140 ETABOSETAR
198 00050308 HBaMCDs18680+2ETABF AR
199 00050306 TEB=tFNH{2,FABsHBs TV)
250 00000307 IFCINITeEQey) THMeTED
291 00050310 THDTa 4 5¢0.248a( TEB=TH) /[ 15000012)
202 0o00p031! TBe(0+24oWReTEB=15:20412¢TMDT) /(Os24uWd)
203 00050332 DELPB » KWBewBee2/PCDa(e¢771¢TCO=e085+TB)
204 00050313 PB4PCDLDELPS
205 03090314 PBELYBePBe(TB.TCD)
2ne 00050318 ETABWFUN1(19,RBC,TB, 35)
207 00030316 IF (AgS(ETAB.ETARD) ,GT,1,E«10) GO .78 140
228 0pop0317 NRTTa o N/SQRT(T8)
209 050p0320 WTeWBewF
212 00000321 FATswF / (WT4wTC)
211 0n0y0322 PYPE = PYspp .
212 0n0j0323 WTTNPB s FUN2({3,PTPB/NRTTE,6) i
213 00050324 WTCAL = WYTNPBeNePBR/TH 3
218 00070325 PTERReWTCALwnT i
215 00050326 WNanTewTC i
214 00000327 DHTNTB * FUN2(4+PTPBINRTTBIB) g
219 095000330 DHTaN/ 1000, «DHINTBLSQRT () ¥
2is 00030331 HTaHgeDHT J
219 00090332 HYo (WTeHYowTCOHED) / (WT4NWTC)
227 01000333 TTaTENHI3,FATIHTS Ty}
221 0On0p033s POPT.Pg/PY
] 222 0003033s WNTKNPeHOKEY (POPT)
. 223 00000336 KNABuS s 0408+ Ua29772aA84¢0001266640A80s2
g 224 00070337 - WNCAL o WNTNPaABaKNARWPT/SQRT(TT)
1 225 00000340 WNERReWNCAL ewN
E 226 00090341 WHLTOL & WBL38TV3I+wBLASTVA4NBLESTVS
3 227 00050342 DLWHC o4CDewWCD+ 1280 (WBLTBL»TVOOWDQ ) :
3 228 00000343 OLWHT=uTeONTY y
' 229  0pop03ed NDTe SPEED/Na (DL WHT=DLWHC) . :
235 00,0348 1F (ABS(PTERR) «| T+ ERROR.AND 1 ABS (WNERR) s LLT4ERROR) G8 TR {0 :
231 0003036 ¢ GRADJENY CALCULATION ;
232 00050347 ITER =] TER] 4y 1
233 0on503%0 G0 Te (10,20,30,40,50) ITER! E
238 0000351 10 FePTERR
238 0Ooup03s2 GaWNERR
23s 000j0383 IF(SENSE SwitCW %) 11,12
237 00050384 11 QUTPUT(9) WDOsPVOsTVO,WD1PD1,TDL,WD2,R02, TD2,WD2sPD3» TDIs wBL3s WD
238 000503%% 1aP0&, TD&21BL4suDSsPDS, TDS, WBLS s W06 PDEs TDE, WO PDT TD7, W08, PDS»
239 00050386 2708, wBGV/PBGY» TAGY, WTCIPCOs TCOIWCOHCDaWF s wBaPB o TBoHBsWT 4PTsTT4HT,
240 0QnopoO3s? guN,FAB,FAY,EtAg;KNAB.DELPQ;NRYTB.HTTNFB:PBDLYB‘DHTN?B:DNY:HBLTBLJ
243 Q5030380 MDLWME s DUNHT  ND T NPT, 4wDO, PTERR, WNERR,, WTCAL , WY, WNCA| 2WNJ I TERY, I TER2
242 00050381 BUTPUT(9) TERITM,TMDT
: . 243 0Op0n03e2 IF(SENSE SwITCW 6) 13,12

85




Table A-2, Reduced-Order Component Model (Concluded) ]
248  000)0363 13 CONTINUE
245 00070364 PAUSE
246 00000365 - READ(¢5,300) 10um
287 05070366 READ(5,300) PT,W00
288 00030367 300 FORMAT(2E12,%)
249 000p0370 58 Te 95
253 00050371 12 ITER2eITERD,
251 09050372 . PTePT4DELPY
252 00050373 GO Ts 99
283 00030374 20 FyePTERR
25e 00050375 GxaWNERR
! 285 00050376 PTePT=240DELPT
256 00030377 G& Te 99
287 09050400 3¢ Fxe(FX=PTERR)/ (2+eDELPT)
258 02070401 Gy s (GX=WNERR )/ (2+eDELPT)
259 00050402 PTsOT+DELPT
265 00050403 wD0=wD0+DELWOO
261 000-Csp4 Go Te 99
262 0907040% 40 FYSPTERR
263 09050406 GYsWNERR .
264 00030407 wWDOeaDO=2.4DELWDO
265 0nDH0410 Go T8 99
266 0n0j0411 Sn Fye(Fy=pTERR)/(2+«DELWDO)
267 00030412 Gys{Gy=wNERR)/(2+4DELLDO)
268 09090413 wOCe DO+DEL DO
269 093020414 DegXaGy*Gxapy .
2735 00030415 Ir(ABS(D} o T.0+000001) STOP 77
271 00050416 Dxxe{*reGysGafFy)sd
22 000:0ui? DYYs(*GaFxereGx) /D
273 02050420 TP (ABS(DXx)eLTs(2:sDELPT)) GO T8 60 .
274 0npp0e2l FACTBR.2 o DELPT/ABS(DXX)
275 00020422 DxxsFACTORDXX
276 00020423 DYYsFACTORapYY .
277 0Q00)0s2% 60 TF(AGS(DYY)s Te(2eapELwpO)) GO TH 70 :
278 00050425 FACTBRe2*9DE| RDO/ABS(DYY) : !
279 0nca0u26 DYYeFACTIRapYY i
283 07070427 DXxsFACTBRapXX i)
T 281 09070430 75 PTePTepXX &
2R2 OnC-0431 WDOsaDOeDyyY :
283 090450432 ITER =D
284 020033 Gg Ty 99
2R5 0900434 10 ConTyngE
286 07Cy0435 N o [NTGRLETCN,NDT)
287 01020436 1F(SENSE gwyTCH §) 110,120
288 050-0437 11~ wRITE(92511y ITER2 :
2R9 On00wsd 513 FORMAT(1H1,5xs12HCONVERGED IN2110012H  [T-RATIENS)
299 02C;0usl BUTPUT(9) Ny wFaABIBVY, ABLINDTIPTERR, wNERR, PT, W00
- 291 OG0 Oued wRITE(9,512)
- 292  0Chq0ual Siz FBRMAT (1M
Iy 293 07020ueb 12° CONTINGE
} 296  050~0445 RETURN
: 295 040 _Dwsb END
%
' 1 00030000 FUNCTIBN WOKEY(PBPT)
2 00090001 IF (PAPTGE.1,) GOTB 3
3 00070002 IF (POPT0E..53) HOKEYaPBPTaw(1e/104)8SgRT{12ePOPToalob/14b))
& 00000003 IF(POPTBECOs+ANDsPOPT¢LE+e53) HOKEYa 2588
5 09050004 RETURN
& 00030003 L ALYL
7 00070006 RETURN
8 0p0c0007 END
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Table A-3. Engine Componeat Characteristics
FUNCTION F11: ABLB = f [BVOB]

BVOB . ABLB
«00000E 00 +Q00Q0E 00
*10000E 00 . +18000E 00
*20000E 0Q +33000E 00
*25000E 90 +J95S00E 00
*30000QE Q0O +45500E 00
+40000E" 00 »54500E 00
+50000€ 09 «632000€E 00
'ZOOOOE 00 .ZQBOOE 00
+10C00E 01 : «10000E 0t

FUNCTION F12: IGVPR ,f (N/N MAX]
N/N mAaX IGVPR
*J0000E 50 +99800E 00
*62000E 00 ¢998¢00E 00
650008 20 , +99750€ 00
*70000E 20 «99680E 00
*75000E 00 +99570E 00
*30000E 10 ‘ +99400E 00
*85000E 39 +99200E 00
*9000QE 20 ~+98980F 00
*9500QE 00 «98780E 00
*10000E 21 «98500E 00

FUNCTION F13; )GVPR =f [N/NMAX]

g .

/N maX OGVPR
*0000QE 00 . «99800E 00
*60000E 20 «99800E 00
*65000€ 09 «99750E 00
+70000€ 50 199680F 00
*»75000E 30 +99620E 00
*20009E 10 +99570E 09
*88000QE »O +99830E 00
*99000E ¢ «99500E 00

*10000E 01 +99500E 0%




Table A-3. Engine Component Characteristics (Continued)
_FUNCTION F15: ¥,"=f [e;]

*0000QE Q0 - »25000€ 00
*45000E 0O ' ¢ 69500E 00
*SO000E 00 + 745850 00
*55000E° Q0 . ’ : *79200€ 00
*56800E 00 ) +80700€E 00
+58000E 00 »81600€ 00
*60000E 00 CL «83100E 00
»62000E 00 +84400€ 00
*64000E. 50 /- +85600€ 00
*66000E 00 , +86600€ 00
*68000E 00 +87300E 00
*7000QE QO , .87800E 0C
*72060QE 0O «87900€ 00
*7300Q0% Q0 +87800E 00
*740N0E 092 B +86800E 00
*7%000E 00 +85300E 00
*76000F 00 +82700E 00
767505 90 : _ +78000E 00
*7900QE 20 +50000E 00
*80%Q0E 00 +25000E=01

A

'FUNCTION F16; ¥, = f [4)]

- —y

42 Vo! =
*00000E 20 +29500E 01
*4500QE QO ~100Q0E Ot
*«50000E 90 «37000E 00
«58000E 00 o +95500E 00
+568005 30 v95300E 00
*58000% 00 W95500E OC
*60000E . 00 ' «95200E 00
»6P000E "0 +956Q0E 00
*64000E 20 : «96000E 00
*56000% 0O +97CO0E 00

" «48000E 00 +97500E 00
«7G000E OO0 «980COE OO
«72000E Q0 +98002E OC
«73000E 20 »97800E QO
*«74000F 00 - +97200E 00
*73500QE QO : +96200E GO
‘«7600QE Q0 +93500E 00
0767CQE 00 +90300E 00
*39002E 00 +62000E oOC
*805CQE %2 2220008 D0
+82000E NU »+26000€ 00




Table A-3. Engine Component Cheracteristics (Continued)

~FUNCTION F17: ¥,P = ¢ (4,

¢a -wa"
*Q0010E §0 ' +8S000€ 0O
*50000E 00 : : +69300€ 00
*S3J00E 00 . +70200€ 00
*57000E 00 +71200E 00 :
*S8000E 00 . : ¢+ 71500E 00 J
*60000E 029 : +71900E 00 L
*62000E 00 +72400E 00 y
«64D0QE 00 +72800E 00 j
*65000E 00 »73000€ 00 1
*6600Q0E 00 +73300€ 00 :
*67000E 00 +73400E 00 3
*68009E 00 - . v +72900E 00 .
*6900Q% 22 . +718Q0E 00 3
*69500E Q0 . +70400E 00 3
¢6980QE nO - «67Q00E 00 ;é
*69900E 20 +62400E OF P
*70400E 00 ‘ +39400E 10 -
3
FUNCTION F18: Vo = f (9] 1
. - T 3 A
. v.T 1
’3 3 4
~+Q000QE nO : + 106008 01 §
«50000€E nO »83500E 00
*53000E 0Q +82%00E 00
*57000€ 00 . +82000E 00
*58000€ 00 - »81800€ 00
*60000E 20 - -+ »82000E oC
*62000E 09 . +82200E 00
*64000E 00 . "~ +82500E 00
*65000E 20 ‘ «82800E 00
*66000E 20 +83100€ 00
*67000E 00 «B3200E 00
*68000E 00 ~ «B3000E 00
*69000E 00 . +83800E 00
o *69500E 00 : +80200€ 00
E *49800E 20 _ v71600E 00
1 *49900E 00 +68500E 00 :
2 «70400E 00 +62000€E, 00 ‘
ﬁi *7200Q0€ 00 +40000E 00
4 *74000E 0O +12300E 00
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Table A-3, Engine Component Characteristics (Continued)

N
FUNCTION F19: W' = f 0] -

*00000E 70 +88000E 00
«53000E 00 «84200E 00 :
+55000E 00 +84100€E 00
*57000E 30 +83600E 00 ;
+S80CGOE 00 ‘ +83000E 00
*(O00QE Q0 - " «8B1900E 00
«61000E 00 +81300E 00
62000 00 «80700E 00 :
*63C0QE 20 ¢ 79900E 00
1640002 .90 +79200E 00 :
*65000E 20 " . «78300E 00
*6570QE »O «77700E 00
*660035E 00 «77300E oC
*66300E 00 - »76600E 00
*66900E 20 ' +75200€E 00
2675008 0 «73800E 00
*72500E Q0 ~ «00CJ0E 00
*77500E 00 -».73800E 00

”"—'f-.FUNCTION F110: w,f =t [9,) B

p ) w T k
%4 - Y

*00000E 0O + 14650 01
+53000E 00 N +98500E 00
«55000E 00 +3630NE 00
*57000€ 20 94830t 00
«58000E 00 -93200€ 00
*60000QE 20 +92300t 00
*6100Q0E QO «9140CE QO
«62000E 20 +90400E 00
*63000E QO ' «+89300E 00
*64000E Q0 +B88400E CO
*65000E 00 287700t 00
*68700E 00 C +87500E 00
*6600Q0E 20 . +87800E 00
v66300E QO +87800E 00
«66900€E 00 _ «B8800Q0E. 0O
*&6750QE 00 +88500E 00
*68500E 00 +86200E 00
,*70000E 00 »62000K 00
- e72%500E 00 +13000E 00

*77800E 00 . | - ,87000E 00




Table “-s. Engine Component Characteristics (Continued)

A T TN PRSI W o i SR . e N
N PR RPRI 1 78 5 4048

FUNCTION F111: WP =t 4,) . |
_ - 3 . 1
,__,’ P ;?1
Y Vg |
v00020E 00 , «700Q0E 00 L
*52000E 00 - +700Q0E 00 ,
*54000E 00 +697Q0€ 00 |
*5580Q0E 00 +69100E 00 i
*$7000E 00 +68500E 00 Pl
- +58000E 00 +67800E 00 .
89000 20 +67200E 00 b
+59500E 00 - +66700E Q0 1
*+6n000E 00 +66300E 00 i
*61000E 00 +64800E 00 |
*61500E 00  «63600E 00 ;
*62020E 00 +61700E 00 i
+62500E 0O : «57900E 00 : ;
'64CCOE 20 +37200€ 00 . ¥
+6625Q0E 20 +00000€ 00 zi
+68500E 00 «+37200E 00

FUNCTION FI12: Vg" =  [05)

. T
.y W=

.ocgobg a0 ° ,35800§ o1

42400 .00 +10070E 04

+47500E 0O . ¢912Q0E 00

+S52020E 00 g «85300E 00

L 25800F 06 | 3o850F a0

. 0 . ¢

*5700QE 00 +78700E 00 o

+S8000E QO ' «77S00E 00 -

*$9000E 00 *+76600E 00 ;

*S9500E 00 »76000E 00 i

*60000E 20 _ « 74500 0O {1

*61000E 00 : +73000€ 00 * .

G 17i%00f 8¢ :

» Q a . . ;
. +62500E 20 +$7800E Q0 .
- *64000E 99 «510Q0E 00 b
A ~ *66250E 00 »79000E =01 .

268800t 20 =2 40200E 00




'fable A-3, Engine Component Characteristics (Continued)

FUNCTION F113; WP =f (9,1

| P

% Y
*00000E 00 +616Q0E 00
«50000E Q0 . . +61600E 00
+52000E 0O +61200€E 00
«5350QE @0 +60500E 00
+5E000€E 90 «58500E OO
+5700QE 00 , +55000E 00
+58000E 00 o +52500€ 00
*69000E 00 +47800E 00
61000E 29 +48000E 00
+62500€ 00 +40000E 00
+67500€ 00 +20000F 00
+72500€ Q0 ’ +00000E 00

977500 00 =+20000E 00

FUNCTION F114: ¥, = (9]

. +J000QE QO . +82000E 00
*50000E 00Q +70500E 00
*52000E 00 . +69500E 00
+53500€ 00 +68300E 00
*5EQ00E 00 +66600E 00
*S70008 00 +63200€ 00
+SRO0QE 0O +61200€ 00
*H0000E 00 +56200E 00
*61000E 0Q +53000E 00
262500 00 +48200E 00
+67%500E Q0 : «29700E 00
*72500E 00 : »75000E=0}4
*77802E 00 =+14700E 00
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Table A-3. Engine Compcnent Characteristics (Continuer)

TR N

FUNCTION F115: ¥, = f [¢4]

*J0V0QE
*47500E
« 48500
*30000€E
*51500€

*52500E

*+55000E
+56500€
«57500F
+59000E
+595Q0¢
*60000E
*62500E
*66000E
¢69500E

00
00
30

P
Y7

+48600E
+ 48600E
. o 48600E
o 48400E
«48000E

146500 .

e41500E
+37500E
+34500E
+ 29500t
0275005
-255005
* 15500k
+Q0QOOE
-, 185500E

© FUNCTION F116: ¥, = f (4]

¢7

220000E
*3000QE
*53500E
e52500E
*+55000E
»5650QE
*§7500E
«59000%
*+59500QE
«6000QE
«52500€
*66000F
«69500¢C

20
00
00
20
20

990 .
10

e
00
20
20
\’ o
30

23

v,
«5L200E
«56000E
+55200€E
¢53700E
«48700E
«44300E
0 412Q0E

© «36200€E

+34200E
+32300E
+2200CE
+C0000E
--ESEOOE




ot s L ekl
T - SRR i B o A G

ik T

i D iy

FUNCTION F117: *&bp =f

g

*4500Q0E
*46300E
*46500E
*47500€E
*49Q00€E
*50000E
+51009E
*5S2500QE
*84000E
*SS00QE
*56500E
*57500¢E
*6000QE
*6055QE
+66100¢E

20
20
20
a0
20
20
20
20
20
20
2
20

00’

20
0o

T

EQSJ

P
e

"Table A-3. Engine Component Characteristics (Continued)

+40000E |

+4BADOE
+48200FE
o4 /800E
+46000E
+43500E
+39400¢
+33000E
+26500E
+ 22500
+{ 6300E
21 2200E

«25000E =01

»Q0000E
=+ 22500E

FUNCTION F118: %o =t [9g)

‘g

*20000€E
*45000L
*4600QE
*46500E
*47500€C
+49000E
*5000QE
*51000E
*52500E
*S54000E
*ES50COE
+S6800E
*57500E
*60009¢
*60550E
«66100E

20
20
00
00
00
00
20
00
00
00
00
00
00
00

00

.
Vs

00

Q0
00

+56000¢E

+56000¢E
+S6000E
«56000E
«56000E
v»53500E
+50700E
- «46500E
1 40000L
+32000E
+27000E
+20500E
*16000E

00

+4S000E=0Y

+Q0000E

- = 445200€

00
00




]
:?.; Table A-3. Engine Component Characteristics (Continued) i
;'L . FUNCTION Fl.19:.ﬂB'=;fl.EPB'(TB-TCD)'J AS
4 " PBHTB-TCD) ng

) +00000E 30 " .+79880E 00

3 *90000E 04 . +88000E 00

4 *1%5000E 05 - +93100E 00

*13250E 05 «95500Et 00

i «R4000F 05 +97100E 00

3 *30000€E 05 +98100€E 00
*36500€E 05 * +98700E 00

_ «47500E 05 +99000E 00

A +S55000€ 05 . . +99000E 00 .

3 +72500% 0% ,»98620E 00 ‘ i
i *95000E 05 +9832CE ©0 :
i 12500 26 +98100E 00
| *14000€ 06 . +98050E 00
4 *16000E 6 _ +98000E 00 :
5 FUNCTION F120:- KWB8 = ;f 'EN/NMAX]
. m“lx - KWB

4 +60000E 70 +72600E%03 |
»7000Q0E 50 - +70700E+03 3
3 +80000E 30 : - +69800E~-03
g +85000E 00 «69000E =D
*9000Q0% 20 ' +69600E%G3
1 +3700QE 00 . .+69600E=03 :
*10000E o1 +73200E=03
95
|

bl ke B e e A A b i e e e S A



R e T

90 300000°
00 300000+
93 300000+
00 3000¢0°
00 300003°
00 30C0€t~
00 30092+
00 300s6€"
00 300s€S°
00 3008¢9¢
00 300g€8:
10 3000CTe
10 200001°
€0. 3000€g+

60 300000° 00 300000 00 30COCOe Qg 300000¢ 10 30C00%e
00 300000° n0 300000 oc 300000¢ 0p 3000071+ 00 30Cg8ge
- 60 300000 00 300000°* 00 30C0C1s 00 300002+ 00 30CCige
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00 300656* 00 300§9S° 00 30008%* Op 30°.26G+ 00 30009g.
CO 300499 00 300C69+ 00 30CLE9* Q00 300g0L¢ 00 30C0%g.
00 300gE8° 00 300GEB* 00 30UGESs 00 300s€8° oo 30002g.
10 3000071 10 30000} 10 3000C3s 10 300001 00 30000g+
1C 300001+ 10 30000 4° 10 3000C}e to 300001¢ 0g 30CQ0Qe
€0 306g1Se €0 300guS* €0 30826%° €0 300084+

XV
O

(®L XWy/x] ) =g0Ad T4 NOILONNA
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T, VORI

bt 2

Table A-3.

Engine Com)one)

-8 PT

WT.
FUNCTION F3; ——— = §|—

N-PB |PB, V

N
PY T8
Lﬂﬂ «1020CE 93 «1%:00E 032 «23200€ C3 24,0 03 »26000E C3 +2Rc00E 03 «32°97E 23 !
«C000DE O~ +2248CE ¢C s14a7:F o 11120 2= »3250CE-21 *+23300E=C1 «7730LE-01 +72-07E-01
«10005E 00 «22480E 0% Iha?zE 5 «1112%E O *9250CEe)1 +83307E«01 «77350E-01 ¢ 2703E=01
+20000E On +224BLE OC 31887 CE 5~ *11109E 01 +3250cE-01 *B3300E-C1 *77300E-C! *7250:E-01
+30000€ 02 «22390E o0 s 10500F Ar «117C0F €0 «31650cF=31 »83300E-01 + 7730 2E=01 «7209°E-01
#35J02E 09 «22380E o¢ e187CCE 27 *1091CE C - *9C60CE~-01 *R3200E=01 «77292E-01 *71909E~-01
«40000E On «2257CE g e 18400E £ *16R3I3E Cu +3920CE-0) =22800E=01 +76952€-01 =7160:Ew01
*45000E 09 «22710€ 22 e14312E 5 «107S0E On +A910LE=-91 *R1900E-31 +760935E=01 2 7280°E-21
«SQ020E 02 23225F 03 14390E 57 *10633E T. RRIICE 31 =20807E-01 » 74900501 37r~E-C1
«55030€ 01 +23690E 0O 34237E o *10470E 20 v26035CE-21 «79500E-01 s 73ROE 01 «68327E-01
*600CSE 0% «21632F 20 23 d3cE nn s1224JE 0N 34200601 «77100E=01 271300671 cbb6an EeCy
«70073E 02 $2Ce1CE 3 29728 2 «9309)E-01 *749)CE=21 “hBEOCE -1 s 5PRENLESD] WHB2ANEay
«40250E 09 « 16310t 2 «83-0aFeny eHB?ISE=DY 235200 F-zt «=a5conE-01 PR Sadelal X¥sDY vl 20 E-2
*3Q00CE G 870 e sE3pq Fene $37RLCESD EL LA $7eS05Ee2 e2PudTEer S22 BT
»1CD0CE 0! -C2LCLVE 22 IR L «2D°2LE Ot o BISLE 2L +"DCCSE 2f sLIOT0E T LRI S
AHT PT .
FUNCTION Fa: — =N f [PB'
W —
PT JB
PR «10200F 23 #15-328 a3 $20°05E O3 “38I27E 93 *26306F 03 «2R000E 33 +3320:F -2
00070k O 26700 o0 Wo4nnof An 23430F o PEI R «T1ROCE 07 213078 37 v2555E o
»10003E 0~ «26:0UE DT 24300k 2~ »23600E T «IPWJTE N7 «2182CE 02 [F:3 3 Copdl iy #2353:E 27
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«30000E 02 +2650CE 0o ep¥0sE An v22970E C0 «22S9CF 33 203008 O «2RC20E O +1960,E€ T
«35000E 09 «26zcuf 20 0 24302F o #22722E 119995E 97 «1850CE oG 18022 G2 +17507E ¢
*6D0CDE 09 =26:GCE O $23200F o +18ROLE O3 171208 22 16600 U5 161008 2% «1562%E 20
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«S000UE O9 «25700F ¢ «18ROCE 2~ +1547CE 32 +13RQCE 30 *3100E 0% 126358 Q0 181078 JC
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gne Component Characteristics (Continued)
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l EAD: N' AB !Gvc BLD'
. Po, To, Pg, SPLC
v X
. GUESS: FAB. T8, W,
8 -'
’ . J
‘ INITIALIZE LOOP COUNTERS |
P ITEKL = O
J ITER2= 0
Ya Q\ 'TER3 = 0
A m =0
B ITERL = ITER1+1
.. INLET GUIDE VANE FLOW;
6 I i
.3 PRiGv = PRigy [N
e b P'Gv = PO'PRIGV - 0-005 PR
g Tigv™ To
v Wiev= ¥,
- FIRST COMPRESSOR STAGE: i
“’ wcl = vv'lcv i
Ty, v, TV, -
g n 5W°/1N, Tiv, Piov’ [
= v
) ﬁp ¢l'; 25
| W ey 16V)
(A W1T=w1l ‘Lal'leJ P 2
=P . ! 4 . ‘- ) 1
PCY = Figy 1+ ¥, 7 Ky, NE/Tye "
g . wey T
,"‘_ % Figure A-1. Triia Routine Flow Churt (Steady-State Trim)
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SECOND COMPRESSOR STAGE:
vy, ® Ve, MC5 TC) PCy)
aK. ., /N
%2 L) ’2/
WoF = 4o’ (9,
ToT
W' =g [05) .
FCo= PG, AL+ ¥, Ky, N 2/re vl

- ) New T

[ THIRD COMPRESSOR STAGE:

WC, = WC,,

v, =V -
?3 23 [WC3' TC2' PCzJ
Gy =K, v 3/N

= . p. 2 1
PC3 = Pyl + ¥yl NE/1e /7

2 TC. K, N2 T
WBL, = KALD,BLD-FC4/ VTC,

Figure A-1b.

Am
FOURTH COMPRESSOR STAGE:

¥

FIFTH - EIGHTH COMPRESSOR STAGES:

v
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OUTLET GUIDE VANES: .
Poav = PCg - PRogy |
Togv = TCg
Wogv = WCg
]
- g COMPRESSOR DISCHARGE: :
® WTC = 0.033-W,
WBLD ='WBL4 +WBL 4 +WBLg
PCD = Pygy
TCD = Tgay
HCD = HCD{TCD]
5 8 WH)=WCD -HCD +c - (WBL - TC3+WBL4 TC4
'; "'WBI.G'T05) - Cp 'Wo 'To + SPLC
: 5

'

BURNER AIRFLOW:
WB = WCD -WTC

PCD

ITER2 = ITERZ +1

y

TURBINE AIRFLOW:
WTOLD =WB (1 +FAB)

!

Figure A~lc. Trim Routine Flow Chart (Steady~State Trim)




Figure A-1ld, Trim Routine Flow Chart (Steady=-State Trim)

ITER3 = ITER3 +1

!

BURNER CONDITIONS:

we2
ape = KEWE~ 0,771 vco0 - 0.085 TB)

PB=PCD - APB
PBDTB= PB (TB - TCD)
w8 {PBDTB]

TURBINE ENTHALPY DROP:
AHT  AHT [PT N ]

NYTB NAVTTB PB, YTB
st =[LHL) .y . VB
VAL

BURNER ENTHALPY:
GB = HB [FAB, TB

!

COMPUTE TURBINE AIRFL.OW FROM HEAT SON:

o e i
e Ny =
1. =0 MFUEL" B

v

TURBINE AIRFLOW ERROR:
WTerror = IWTy - WTgyp)

'
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ADJUST FUEL FLOW:
oL =4 WTg, o #WT))
FA: = WF/WB

FUEL FLOW: é
WF = WT]. ~WB

FAB = WF/WB

|
NOZZLE AIRFLOW:
WN = WT; +WTC

'

TURBINE ENTHALPY:
WT; (HB - s HT) + WTC - HCD

HT = W

)

GOMPUTE BURNER ENTHALPY FROM TORQUE EQN..:
N=% TORQUE =0
_ 8 WHp +WN - HT - WTC - HCD
HBp = —WT;

BURNER ENTHALPY ERROR:

5 i, S SRR’ . 3 e

ok il

v ol b e | DM

it b o i iih

INCREASE T8

0

1———- TE=TB+,T8

. &

Figure A-le. Trim Routine Flow Chart (Steady-State Trim)




REVERSED FLOW _ YES

NOZZL. COEFFICIENT:

Knoz = 0

Prd \
( TBerroR YES DECREASE T8

no

<= O.NV

NOZZLE PRESSURE RATIO:

= ATB = .lg]i'
PRN PB/PT

Ry <0.528 YES CHOKED FLOW

TB=T1B - ATB

[ NozzZLE colEFFICIENT: '

Knoz = 9-2588

NOZZLE COEFFICIENT:

Knoz = (;Q‘) 77 V1 Epgr ’

COMPUTE TURBINE AIRFLOW FROM
STEADY-STATE MAP DATA:;

WT-TB WT-TB [ PT N ]

NPB N-PB | PB, \AT:]
WTZ . WT-TB . N-PB
N *PB ™

|

TURBINE AIRFLOW ERROR:
PTerror = WT2-WT,

'

®

Figure A-1f. Trim Routine Flow Chart (Steady-State Trim)
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PTERROR\ YES _INCREASE PT
>0.00057

PT <07

apT = ~4PT NO

——-l PT = PT + APT

DECREASE PT  YES PTeRROR

<=0,00057
@ YES

NO | apr-4PT

PT=PT+ qu-—— !

TURBINE EXIT TEMPERATURE:
FAT = WF/WN

TT = TT [FAT, HT]

!

COMPUTE NOZZLE AIRFLOW:
KNAS'Ky 07 PT-A
Wi = noz'PT"Ag
X

VI
¥

NOZZLE AIRFLOW ERROR:
WeRRQR = Wiy - WN

NO sTorl '
TRIM COMPLETED 3

Figure A-1g. Trim Routine Flow Chart (Steady-State Trim)




, INCF.EASE W
WeRROR  _YES ‘ 0
>0.005?

DECREASE v,

YES

H=1

Figure A-1h, Trim Routine Flow Chart (Steady-State Trim)
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INITIALIZE:

ITERL =0
ITER2=0
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INLET AND STAGE ONE:
PIGV = PO . PR'G‘ -0.005 PO
WCl = w°
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21 Zl [.‘ICLTO'Ple
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viP= ¥ ey 16v)
= . v P . 2 / -
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Figure A-2. Subroutine Dynamic Flow Chart
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STAGE TWO:
v, = vzzlwclec PCy]

]
‘2=K¢2'V22/N

'pzp = WZP ( ¢2]
Pcz o PCl . (1+'pzp"¢ .NZITCI')‘Y/‘Y'I
2

_ 2 T
TCZ—TCI+K N ""2

V2

STAGE THREE:
WCS ) wclzwc TC, PC,])
v =¥

G3=K¢3‘V23/N

P_y P
WBT = W3T [¢3]
—pp . P .2 y/y-1
PC3-PCZ (1+W3 -Kws N 'ITCZ)
= 2 T

_+

STAGE FOUR:
WG, = WC, -WBL,

STAGES FIVE - EIGHT: i

. o
[ ] ‘

r

. | - Figure A-2. Subroutine Dynamic Flow Chart (Continued) ;
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Figure A-2.

OUTLET GUIDE VANES:
Pogv = PCq - PRogy
Togv = TCg
Wogy = WCg

B!

COMPRESSOR DISCHARGE:
WTC=0.033. wo
TCD = TQGV
HCD = HCDITCD]

+

BURNER AIRFLOW:

WB = WCD - WTC
FAB = WF/WB

BURNER ENTHALPY:

T'IB°='!B
2.

'

THERMAL CAPACITANCE:
TEB = TEB(FAB, HB)
M= Kpp, - (TEB - TM

!

Subroutine Dynamic Flow Chart (Continued)
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. BURNER PRESSURE:

2

APB= 2 ____(0.771 TCD - 0.085 TB)
¥ PCD

'

UPDATE BURNER EFFICICNCY:

PBDTB = PB (TB - TCD)

P
FEUNOTIE PESSUE

P SPRPTOR

o

A

g

B

j

]

F
o
*

TURBINE AIRFLOW:
. WT =WB +WF
FAT =WF / WT +WTC)

:

COMPUTE TURBINE AIRFLOW FROM
STEADY-STATE MAP DATA:

WTeaL

.

TURBINE AIRFLOW ERROR:
PTerror = WTcaL ~WT

Figure A~2, Subroutine Dynamic Flow Chart (Continued)
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REVERSED FLOW

' NOZZLE AIRFLOW:
WN=WT +WTC

8

TURBINE ENTHALPY:
s w7 78]
AHT = (:Wm??) -N-VTB

WN

'

TURBINE TEMPERATURE
TT=TT(FAT ,HT]

1
®

NOZZLE PRESSURE RATIO:
PRN = PB/PT

_YES

YES

CHOKED FLOW

i

NOZZLE COEFFICIENT:

Knoz

3

Ty

NOZZLE COEFFICIENT:

Knoz = © .2588

NOZZLE COEFFICIENY:

(P 1/7_\/'?;77;:1
Yoz = Py 1 P'r)

Figure A-Z.
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[' COMPUTE NOZZLE AIKFLOW FROM

ISENTRO: IC RELATICA:
SR KNAS - Kyoz - Ag
l whi N
NCZZLE AIRFLOW ERROR: )
¥ErroR = WNcay - WK

: _

ROTOR NYHAMICS:
AWK = HCD WCD-c - T, + W,

+c,(WBLy + TC5 + WALy - TCy +WBLg - TCg)

o

A WH)y = WT + 4 HT
Ky - [& W10y - 8 WHiGp]
N

.

RETURW

L iTER1 = ITERL +1

¢

Figure A-2. Subroutine Dynamic Flow Chart (Continuea)
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TERL=1? F = PTgproR
G =Wepgor
g NO L .

I L
ITER2 = ITER2 + 1 _I ;

!

INCREASE PY:
PT = PT + aPT

FX+=PTERROR
GXy = WERROR

!

DECREASE PT:
PT =PT -2 APT

oy,
ITERL=27

FX_=PTerproR
L GX_ = WeppoR

_ P
EVALUATE 9_21_;53(39_3 , ﬂgagg,?_g_,

FX= (FX, -FX_|/ 2 aPT

ITER1=37?

e e s

GX = [ GX, -GX_) /2 aPT
) :

Figure A-2. Subroutine Dynamic Flow Chart (C »ntinued)
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PT = PT +APT

»

INCREASE wo 3
Wo = Wo + Awo

1

FY,_=PT
+ ERROR
GY, =W

DECREASE W, :

Wo =W, -2 AW,

FY_=PTgrrOR
GY._=WepRroR

:

aPT aW
EVALUATE —W,—W:

FY=(GY, -FY_) /2 aW,

Gy = (GY+-GY_)/2 AW,

¥

W, =W, +aW,

']

CALCULATE DETERMINANT:
D=FX-GY~GX-FY

$

CALCULATE GRADIENT STEPS:
aPT, = (-F-GY +G-FY) /D

aW, = (-G*FX+F-GX /D
)

)

Figure A-2, Subroutine Dynamic Flow Chart (Continued)
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[APT3|<2L-PT?

REDUCE MAGNITUDE OF
GRADIENT STEP:

FACTOR = 2 APT / | aPT, |
aPT, = 4PT, - FACTOR
AW, = aW_ - FACTOR

og 0.

| oW, | < 2aW,?

REDUCE MAGNITUDE OF GRADIENT
STEP:
FACTOR =2 oW, / | aW, |
AW, =W, * FACTOR
$ H
APT_ = aPT_ - FACTOR

Figure A-2,

i

UPDATE PT AND W,
PT = PT + APT,
Wo =W, + Awos

+

ITER1=0

®

Subroutine Dynamic Flow Chart (Concluded)
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( OPERATING POINT:
: ¥, TMWF, IGV,A8,BLD,P,,T, Pg

PERTURBATION STEP SIZE:
DPERT

-

INITIALIZE
=0

'

COMPUTE NOMINAL VALUES
CALL DYNAMIC

DXN,=DX; 1=1,2,...NxR

J=J+1

NEGATIVE PERTURBATION
PERT = )(i - DPERT

)(j = )(j - PERT

POSITIVE PERTURBATION
PERT = DPERY

)(J = Xj + PERT

:

!

CALL DYNAMIC

CALL DYNAMIC

DXL, = DX,
DX, = DXN, 1=1,2, ... NxR
RESTORE X,

X, = X, + PERT

:

DX2, = DX,
DX; = DXN, i=1,2,...NxR
RESTORE X
X=X - PER‘l’

l

; Figure A-3, Linearization Flow Chart
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4

EVALUATE DERIVATIVE

aDX, DXZ, - DXN
EI=—Fé‘rI 1=1,), ... NxR

®

| % 1| < PERT YES

NO

POSITIVE PERTURBATION EVALUATE DERIVATIVE
)(j = Xj + PERT 8DX, DXN, - DX1,

— c—

1=1,2, ... XxR

l aX; ~ T PERT

CALL DYNAMIC
D)(ZI = DX‘ 1.2 N xR
- I = + ... NX
Dxl = DXNI 4 J
RESTORE X
X, = X, - PERT

l

EVALUATE DERIVATIVE
30X, DX2, - DX1,
% - 2. PeRt =120 NxR

j
&)

YES o

NO

LA

f‘lgure A-3. Linearization Flow Chart (Concluded)
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NOMINAL CONDITIONS:
N.Ag 1GV,LBD,P, T, Pg SPLC

d

CALCULATE TRIM POINT
WF, x{), rlo)

:

( TRANSIENT COMMAND:
ul™)

# INTEGRATION PARAMETERS:
2 T, FINTIME

T

INITIALIZE TIME
T=0

UPDATE TIME
T=T+aT

T

CALCULATE DERIVATIVES
(T = £ {x(M), #T), u(M ]

1

UPDATE RESPONSES
rT+aT) = hi{x(T), KT), w(T) ]

4

INTEGRATE
T+4
X(T+AT) = 2(T) + [ x(T) T
1

YES

LN

Figure A~4, Nonlinear Engire Sitnulation

Flow Chart
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APPENDIX B

CONTROL LER SOFTWARE FOR THE
APL WIND TUNNEL TEST FACILITY

Software for the optimal command controller synthesized in Section IV
{Volume I) is presented, The softwarec is for the IBM 1800 computer at APL.,
This software inserts the Honeywell optimal controller within the Bendix
Bounds program (Reference B-1), The reade: is assumed to be familiar with
the IBM 1800 (Reference B-2) snd with the Bendix Bounds program.

This appendix is divided into three major parts:

@ Controller data
e [Equilibrium=-pressure software

e Equilibriume~temperature software

In the first part of this Appendix, controller data for deceleration-equilibrium=-
pressure-temperature mcdes are combined, This system will provide pre=
cise speed control and rapid spool speed responses without surge«stall,
excessive temperatures, or flamecuts, This is close to a control system

that we recommend. The adjective close would be deleted by applying
standard correction procedures to permit operation at other than the sea

level standard design condition.

For expediency, in testing in the APL wind tunne!, the system was divided
into two parts:

e Deceleration-equilibrium-pressure

e Deceleration-equilibrium~temperature
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The first part does not explicitly provide over<emperature protection while
the second does not explicitly provide surge-stall protection. Protection is
obtained, however, by setting the prcssure limit low enough to prevent over-
temperature and the temperature limit low enough to prevent surge-stall.

CGNTROLLER DATA

The inlet guide vanes (IGV), bleed (BLD), and exhaust actuator (A8) are
operated on open-loop schedules (for reasons discussed in Section IV).
Closed-loop control is used on the fuel valve,

For control synthesis the IGV and BLD were g6t an the G. E. schedule, As
Bendix cmploys the same schedule in the Bounids program, the Bounds schedule
for IGV and BLD are used with the Honeywell controllers.

The A8 schedule is the same as that used on a previous Honeywell contract
to APL; it is not the bill of materials schedule,

Table B-~1 summarizes the open-loop schedules for IGV, BLD, and A3.

Fuel valve command data are presented in Tables B-2 through B-f, Table B-2
presents the generic form for the complete control law.

For deceleration~equilibriumepres sure contro! ut is deleted from u2 in
Equation (3) of Tahle B-2. For deceleraticu~equilibrium-teriperature con-
trol, up is deleted frum u2, - Feedbrik gains, open-loop fuei flows, and
"equilibrium'" data are present:d in Tables B~-3, B-4, and B-5, respectively.

The equations and data «f Tables B~2 through B-5 could have been pro-
grammed; a si.g:ificadon is made before programming, The simplification
permits either variable limits (ENL,, EPL, or ETL) to be achieved by
constants or variable integreation parameters to be made constant, For
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example, in the EP equation (Table B-2) the parameter PC is variable, It
cen be made constant without changing the resulting control, This is demon~
strated by Table B«8. The generic form of the modified state equations and
controllers is presented above the dashed line. The integration parameter
(d) can be made to take an arbitrary non-zero value by dividing d Ly p and by
multiplying the integral gain \ by p; this is shown by the equations below the
dashed line,

‘t §
i
g

ATt . . 4w

EQUILIBRIUM~PRESSURE SOFTWARE
Flow charts are presented in Figures B-1 through B-11, Table B-7 contains :
a glosaary of terms. The program is presented in Table B-8.
The main computational blocks of the speed and pressure control program A
. are shown in Figure B-1. A detailed flow chart for each block is subse~ Lo
quently presented, 3
i
In this section of the program (Figure B-2), all of the gains and open-loop ;

information (i.e., fuels and pressures as a function of speed) are trans-
ferred from variable-trim locations. (The variable-trim locations are the
sole means of communication between the Hone ‘well control program and the
Bendix Bounds program to the proper locations in the control program.) The
labels associated with the variable-trim locations have the prefix VT followad
by three digits. There are 254 VT locations. The contents of the first 79
variable-trim locations VTO001 - VT070 can be monitored and manually
changed from the Bendix interface console., Nominal values of these vari-
ables are stored in the Bendix Bounds program in the standard trim locations
ST001 -~ ST070. The section of the Bounds program in which ST001 - S1°070
are defined is presented in Table B-.. The contents of locations VT071- VT254
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can only be monitored from console. VT039 acts as a logical switch for the
initialization section of the program. If VT039 = 18 this portion of the pro-
gram will be executed and VT'039 will be set to zero. If VT039 # 16 the
initialization section will be bypassed, Since all the VT numbers encountered
in this portion of the program are in the range VT001 - VT070, they can all be
mamually changed from Bendix interface console. 2

Interpolation Interval Determination

The gains (associated with the feedback quantities) and the open-loop informa-
tion (fuel and pressure values) for both the speed controller and the pressure
controller are given at four values of speed. To obtain values for the gains
and open-loop information over the whole speed regime linear interpolation

is used (Figure B-3). Since the quantities to be interpolated are given at four
values of speed N, there are three possible intervals «f interpolation. The
four values of speed are N1 = 8250 rpm, N2 = 11,550 rpm, N3 = 14,025 rpm,
and N, = 16,500 rpm. Thus, the three intervals are [N,, N,], [N,, NgJ, .
[N3, N 4]. The sensed speed N (in the program sensed speed is VT157) is
tested to deter mine into which interval it falls., Then any quantity, call it f,
given at the four values of N can be written as a linear function of N ag follows:

#(N) = #(N,)) C, +£(N,,))C, )
where
J (Niyy - N (N - N,)
: - i+1 | _N-N) -
©1F W,y e G TNy fri-l2s

k The interval and the quantities C1 and C2 are calculated in this portion of
the program, .

Jro—
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Exits from this section of the program are given the labels IN1F, IN2F or
INSF, depending on whether the sensed speed N satisfies N, < N = Nz,

N2$N$N3, OrNssNSN

4.

Interpolation Logic

The three sections in this portion of the program (Figure B-4) all evaluate

an equation like Equation (B=-1), Therefore, the logic in each section is the
same, The difference is in the label used for f(Ni) and f(N.l +1). The different
labels represent the initial address in a sequence of addresses of quantities
associated with the same speed. In each case the label is influenced by index
register one (XR1). Initially (XR1) is set to zero and an equation similar to
(B-1) is evaluated in double precision. XR1 is then incremented by one and
tested against label NGFT (NGFT = 18), If XR1 < NGFT the interpolation
continues, if XR1 2 NGFT, the interpolation is done and we are trans ‘erred
to label FUELM.

Interpolation Scaling

Both C1 and C2 are numbers such that 0 < Cl’ C2 < 1 and C1 + C2 =1, In
the IBM 1800, fractional numbers cannot be represented except as the ratio
of two integer numbers, Therefore, the computatwn of C1 and Cy has to be
scaled The scale factor used in the program is 2 = 128, The scale factor
of 2 is removed aftev the interpolation by a shift right seven.

Integral Speed and Integral Pressure

The iniegral speed and integral pressure portion of the program (Figure B=5)
consists of logic to initialize, integrate, s.ad limit two simple differ-ntial
equations in time. The integral speed differential equation is
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EN = -5,3833 (N - NPLA) (B-2)

where EN is the integral of the error between sensed speed N(VT157) and
requested speed Npra (VT128),

The integral pressure differe-tial equation is

EP = -5. 3333 (PT3 - PT33) F(N) (B-3)
where EP .8 the integral of the error between sensed PT3 (VT102) and a
boundary value PT3% (PT3NB) and F(N) is a function of sensed speed (i.e.,

the coefficient in the differential equation is not constant; ¢.f. Table B-6 and
the related discussion).

initialization of the Differential Equations

The initial values of EN and EP are in VT=35 and VT037, respectively. The
limiting values of EN and EP are taken to be the absolute values of VT036 and
VTO037, respectively. The initial value and the limiting value are changed
whenever VT'038 contains a sixty-four (64) or a sixteen (16).

Integration of the Differential Equations

The differential equations are integrated numerically using the trapezoidal
rule

*

X, =X +% (X +%

n+1 n n n-l) (B-4)

where At is 0, 015 second, Xn is the current value of the integral, Xr is the
current value of the derivative, and Xn- 1 is the previous value of the deriva-

tive,




’ Interpolation as a Function of Power Lever

‘ Early controllers (not documented) used PT5 and PT3 as well as an open-loop
fuel as a function of the power lever (Figure B-7). The aspeed controllers
used in engine tests require only openeloop fuel as & function of power iever,
The power lever position is given in terms of a speed request in rpms in
VT128, The method of interpolation is the same &8 it war for sensed speed.
Howcover, since ouly three quantities are being interpolated, no index registers
are used,

Fuel Request Calcuietion

: Three fuel requcsts are calcuiated: a speed fusl request, a pressure fuel

" 3 ! request and a minimuia fuel request (Figure B-8). The minimum fuel request
is calculated in the interpllation logic as a function of sensed speed and is
stored in WFMNN., The epeed conirol fuel request is calculated as the sum of
£n open-locp fuel scheduled as a linear function ¢f power lever and the fol-
lowing feedback quantitice; ‘

® The error between sensed and requested speed

s An integral of the error between seuced and requested speed

The pressure contrel fuel request is calculated as tha sum of an open=loop
fuel scheduled as o linear funciion of sensed speed and the following fecdback
quantities:

e The error betwesn _-T5 sersed and a given PT5 scheduled as a
linear functiun of speed

-
. . L2 .
T TR I S YOOI 1 D e, SN LR, BT T
. .

S e The error between P3 sensed and a given P2 scheduled a8 a
PR linear function of speed
3 e The integral of the error between P3 sensed and a given P3 aa
Lo a linear function of speed.
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Starting at label MDW6, all of the ingredients used in calculating the fuel
request for the speed and pressure controllers are stored in VT162 - VT176
for checking purposes. Beginning at label MEPT, the five feedback quanti-
ties mentioned previously are calculated and stored in VT'1868 - VT200. The
speed control fuel request starts at label FREQE and each of the products
involved in the sum is stored in VT201 - VT204, Finally, the fuel request
for the speed controller is stored in SUMEF and VT071, The pressure fuel
request calculation starts at label FREQP and each of the products involved
in the sum is stored in VT205 - VT207, The fuel request for the pressure
controller is stored in SUMPF and V7'ui2,

Mode Select Logic

In Figure B-9 the moder select logic starts at level MDSWT, The minimum
between the speed fuel request VT071 and the pressure fuel request VT072 is
stored in VT'180, The muximum between VT180 and WFMNN (minimum fuel)
is stored in VT180. .t tkis point a mode number is stcred in VT074, depend-
ing on which controller is used, The mode numbers are: 3276 for the speed

controller, 85562 for the pressure controller, and 9828 for the minimum fuel
reqguest,

Fuel Request Filter Logic

The fuel request in VT180 is put through a firsi-order lag [ 30/(5+30)]. The
lag is digitized using Tustin's method with the resulting difference equation

Yn = ‘%) Ypo1? (4'%) Unt (%B)Un-l (B-5)

where y_ is the current output (i.e., filtered fuel request), y _, is the
previous output, U, is the current inpu. (unfiltered fuel request) and U n-1 is
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the previous input. The coefficients in the difference equation are a function
of the sample time At which is taken to be 0. 015 second.

Exhaust Nozzle L..quest Calculation

Figure B-11 presents the flow chart.

The nozzle is open for speeds less than or equal to 14, 0256 rpm. The nozzle
request representing ''open" is stored in VT034. The nozzle is closed for
spueds greater than or equal to 16,500 cpm. The nozzle request representing
"closed' is stored in VT035, For speeds between 14, 025 rpm and 16,500
rpm the nozzle request decreases linearly from '"open' to ''closed.'" The
"rpeed'' used in the nozzle request calculation is sensed speed (VT15%) if the
control mode is not speed control, If the control mode is speed control the
speed used is that requested by the power lever (VT128). The nozzle request
is stored in VT081, After this calculation has been completed and index
register one has been restored, one control cycle update has been completed
and control is passed to the Bendix program,

EQUILIBRIUM~TEMPERATURE SOFTWARE

Flow charts for the main computational blocks and for each block are pre-
sented in Figures B-12 through B-23. Table B-10 is a glossary of terms.
The program is presented in Tables B-11 through B-14, A listing of the
Bendix Bounds program corresponding to the Equilibrium-Temperature
Program is presented in Table B-13,

The main computational blocks for the speed temperature control program

are shown in Figure B~12, The major differences between this program and
the speed pressure control program ar? the filtering logic for T4 whistle,
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the mumber of feedbacks, and the names given to the gains and open-loop
information, Consequently, a description of each of the blocks in Figure B-12
will Le given in comparative terms of the description given for the speed and
pressure controller,

Initialization

It is clear from looking at the detached flow chart (Figure B=13) that more
iteme are transferred from variable trim locations to locations in the control
program, This is true, because the temperature controller has more feed-
backs than the pressure controller, Consequently, the VT numbers encoun=
tered in this section of the program are in the range VT001 « VT080 (rather
than the previous VT001 - VT070). The Bendix Bounds program has been
modified to allow the first 90 VT numbers to be changed at the interface
console, Nominal values of these VT variables are stored in the standard
trim locations ST001 - ST020 in the beginning of the Bounds program

(Table B-13)., The logic to get into this section of the program is the same
as previously described., In addition to the increased number gains and open-
loop information to be transferred, an added logic switch, ISW, is initialized,
This switch is used to initialize the filtering logic for T4 whistle,

Interpolation Interval Determination

This section of the program (Figure B=14) is exactly the same as for the
speed and pressure control program,
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Interpolation Logic

The only differences in this section of the program are the labels (names)
given to the gains and open-loop information (fuel, pressures, and tempera-
ture) associated with temperature controller as opposed to the pre~sure
controller; cf Figure B-15,

Filterin&Logic for T4 Whistle

The temperature sensed i;y ihe whistle (VT097) goes through a lead-lag filter
and the output ~f the filter is stored in T4WF, Figure B-16. The transfer
function for the filter with VT087 as input and T4WF us output is

S+1
T4 T2
—T‘gel ENICAEESY (B-6)

where 'r2 and K1 are plecewise linear functions of PT3.

The table below gives To and K, versus PT3,

: PTS (psi) | K, Ty

] 24.5 0.50 | 30,0
4 39,0 6.53 | 17.0
58. 5 0.56 | 10,0
102.0 0.80 8.0

- TAWF = T, XT4 + XT4

. : . _ 1
) XT4 = m (VT097 - XT4)
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The filter is implemented digitally by the following two equations.

(B="7)



In the program, Kl is scaled up by 100 and Ty ie scaled up by 10. The label o
for Kl * 100 is K1THD and the label for g ¢ 10 is TAU2T. The coding starts l
at label FUELM with the calculation of K1THD and TAU2T as a function of i
PG3. At label STP1 the logical switch ISW is tested. If ISW is unequal to . ;
1234, initialization of the filter equations takes place. Otherwise branch to |
STP2. In the initialization lygic }.<T4 is set equal to VTO097, }.(T4 is set equal f
to zero and ISW is set equal to. 1234 followed by a branch to STP3. Starting ;
at label STP2, the derivative Z7 T4 is calculated double przcision and stored in }
XT4D, At label STP3 the differential equation is integrated one step forward |
in time using the trapezoidal rule (At taken to be 0, 015 second), The updated I
value of XT4 is stored in XT4 in double precizion. At this point the filtered |
T4 whistle is computed and stored in T4WF. :

i

&

Integral Speed and Integral Temperature

In this portion of the program (Figure B=17) the integral pressure differential T
equation has been replaced with an integral temperature differential equation .

ET = =183, 3333 (T4WF - T42) (B-8)

where ET is the integral of the error between sensed T4 whistle filtered and
a boundary value T4 as a function of sensed speed, The initial value of ET is
ftored in VTO038 and the limiting value of ET is taken to be the absolute value
of VT038,

Additional logic was added to the integration routine in this section to reset
the values of EN and ET to zero under the following conditions:

EN = 0 if VT074 (mode switch) # 32786
ET =0 if VT074 # 6552
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This logic i8 inserted in the program immediately after the integrals have
been updeted (gection of the program beginning with statement number
HWsS03300), The qarameters EN and ET are updated only if the program is
in the right mode; EN i3 updaied if ihe speed control loop is regulating the
engine and ET {5 updated if the teniperature control loop is regulating the
engine,

The rest of this section of the program is the same as described previously,

Interpolation as a Function of Power Lever

This portion of the program (Fig:ire B-16) is exact'v the same as previously
described for thz pressure controller.

Fuel Request Calculation

The pressure fuel request calculation is replaced with a temperature fuel
request (Figure B=-20), The temperature fuel request is calculated as the
sum of an open=-loop fuel scheduled as a linear function of sensed spezad and
the following feedback quantities:

e The error between PT5 sensed and a given PT5 scheduled as
a linear function of speed

e The error between PT3 sensed and a given PT3 scheduled as
a linear function of speed

e The error between T4 whistle filtered and a T4 given scheduled
as a linear function of speed

e The integral of the error between PT3 sensed and a given PT3
scheduled as a linear function of speed,
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The temperature fuel request calculation starts at label FREQT and each of
the products involved in the sum is stored in VT205 - V1207, The fael
request for the temperature controiler is stored in SUMTF and V'7'078.

Mode Select Logzc

The only difference in this section of the program is that the minimum
between the speed fuel rejuest VT071 and the temperature fuel request VT073
(rather than the pressure fuel request VT072) is stored in VT180; cf Figure
B-21,

Fuel Request Filter Logic

The same as previously described for pressure; Figure B-22,

Exhaust Nozzle Request Calculation

This is the same as previously described for pressure (Figure B~28).
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Table B-1. IGV, BLD, and A8 Schedules

IGV and BLD
T2 = const,
. 1) PoByieh T, = const.

Position

|

|

i
(0) Pos r——t
Low 3
N

1
1 N Ny
(N - N,;
Position - Posy . + (Posy,., ~ Posy )X 3 g = Nyi

where N is spool speed,

N, (rpm) = 11,800 + (T,°R - 420°R) x 1433
N. (rpm) = 14,900 + (T, °R - 428°R) x 29 ir T _°F = 25°F
g (rpm , 2 84 2

16,000 - (T,°R - 484°R) x @& . 25°F < T, °F < 75°F

: 15,800 + (T,°R - 534°R) x 5—3—3 if T,°F 2 75°F

.+ on & normal day (Ty = 70°F) the schedules are:

T

+1
| N, = 13,244 rpm, 80, 3%
i N, = 15,816 rpm, 05.8%
IGV, BLD i
[}
|
0 -
N

M, 100%
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Table P-2., Generirc Fuel Control Law

30,0 uil
8 + 30, )

(u2
Max ;

ud

ue

up
ut

Min

ud [N]

ky [N - N, (pla)] + kg EN +kpq (P3 - P3 (pla)]

+kpms (PTS - PT5, (pla)] + ue o, (pla)

kpp * Kpg (pP3- P3, (N)] + Kpms (PT5 - PTSO(N)] + up, (N)

ET + k

TT4 (PTs - PTS, (N)] + ut_ (N)

kg
0 IfENZENL&-5.3333(N~N )20
0 IHEN<ENL&-5.3333(N~-N)s0
«5.3338 [N =« N, (pla)] otherwise

0 ¥EP2EPL&~PC(P3-P3)20

0 FEPSEPL &=-FC(P3-P3)=0

- PC(N) [P3 - PSO(N)] otherwise
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Table B-2. Generic Fuel Control Law (Concluded)

. where
5.333 If N< 14, 025 rpm
PC =
{13.333If N = 14,025 rpm
0 If ET 2 ETL & -13, 333 (T4WF - TT4_) = 0
ET = {0 I ET < ETL & -18. 333 (T4WF - TT4_) 5 0
-13.333 [T4WF - TT4 o (N)] otherwise

3 N (rpm), P3 (psi), and PT5 (psi) are taken to be the outputs of engine |
B sensors, pla is throttle in part of full; e.g., 0,75 pla commands |
L 75 percent rpm, T4W (°R) is the output of the Honeywell fluidic
N (whistle) T4 sensor
- 1 ‘

1 1 1
TAWF = | 5573 (1 - KI) (P3)J TADUM + 35 (P3) TT4W

-

, 1
r4DUM | D (T2) (P3)] T4DUM + TT4W

g 50,0
1 T4WF w S_+'5_0— TT4
ENL = 200.0

EPL 1.0

ETL = 100,0
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Table B~3. Perturbation Gains

N ]
"N ky K, P kp3 kprs krra
(lb/sec)/rpm T (1b/sec)/:-% | (1b/sec)/psi | (Ib/sec)/(deg F)
508 | -0.46718-3 +0. 58461-4 “em - ———
50P - +0, 45650~1 -0.18636+0 | +0.1586140 ——
50T -ee +0, 11304-3 -0.15966-2 | +0.12096-2 -0.22757=3
70E | -0,27°36-3 +0, 53844-4 - ——- ——-
70P —e- +0.20271-1 -0, 62334-1 | =0,44936-1 =
70T “e- +0, 14074-3 +0. 53354-1 | -0.20311-2 -0,28462-3
85E -0.26479-3 +0. 12239-3 -- --- ---
85P -—- +0, 155612 -0,71783-1 | +0,51485-1 ——
85T — +0, 16155-3 +0,91896-2 | -0.74486-3 -0. 18812-3
100E | -0.53363-3 +0, 31875-3 - ——- .-
100P - +0. 12779-1 -0.49166-1 | +0.43431-1 ane
100T - +0,23413-3 ~0.18084-1 | +0.13297-1 =0. 78668-5
Table B=4, Open-Loop Fuel Flows* (1b/hr)
% N ue [ pla] upO[N] ut O[N] ud[ N)
50.0 519,0 719.0 651.0 20C.0
70.0 693.0 1740.0 1000. 0 350, 0
85,0 934.0 2573.0 2000.0 500, 0
100.0 1648. 0 3478.0 2400.0 1000. 0

* These are for the APL engine at 29, 55 inches
of Hg and 82°F.

They should be corrected with ambient conditions.
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Table B«5., Equilibrium and 3oundary Stites*-

%N 50 79 85 100
T ,
Equilibrium
N [pla]rpm | 8,250.0 |11,550.0 | 14,025.0 |16,500.0
Pressure
P3_[Nlpsi 22.0 35,5 55. 0 80.0
PT5O[N]psi 14,8 16.4 20.5 25.6
Temperature
TT4 [NIF | 1,020.0 900.0 | 1,050.0 | 1,160.0
P3o[ Nlpsi 23.5 35.5 55,0 80.0
PT50[N]pFi 14, 8 16. 4 20.5 26.5
i

*These are for the APL engine at 99,99 inches of Hg and 99°F,
They should be corrected with ambient conditions,

Table B-6, An Integral Transformation

x =
E =
Wf =
u =

+ Fx
- dx
+ Fx

+ kx

- er W aE e S W A e wh o W W m o wm oW W™

+kx+()sp.)§

-awf+gu

Lt ki st B b
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Table:B-T,

Glosgary for Equilibrium - Pressure Control

vT
Number

Trunsferred To
{Program Lubel)

Deacription

Standard Value
{Defined in the
Bendix Program)

009

012

013

014

015

016

017

018

018

020

021

022

023

026

028

DEF11

WEF1

P3P1

KEF14

KEF21

WEF2

P3P2

KEF24

KEF31

WEF3

P3P3

KEF 34

Logic switch: If VT009 > 123 the

Honeywell controller is in;
otherwise not

Speed control gain associated
with (N'Npla) at 8250 rpm

Open-loop fucl-speed control
at 2250 rpm

Open-loop PT3-speed contz._:
at 8250 rpm

Speed control gain associated
with EN at 8250 rpm

Speed control gain associated
with (N'Npla) at 11, 550 rpm

Open-loop fuel-speed control
at 11, 550 rpm

Open-loop PT3 - speed control
at 11,550 rpm

Speed control gain associated
with EN at 11, 550 rpm

Speed control gain associated
with (N-Npla) at 14, 025 rpm

Open-loop fuel-speed control
at 14,025 rpm

Open-loop P’l‘3 - speed control
at 14,025 rpm

Speed control gain associated
with EN at 14,025 rpm

If this number is made large,
Bendix bound on fuel will not
be in effect

Logical switch: if VT028 = 64
Honeywell nozzle is used;
otherwisre not

0

(-215) x 1€

519 ib/hr

2206 (psi x 100)
(27) x 16

(-126) x 16

693 lb/hr

3550 (psi x 100)
-(2 5) x 16

(=122} x 16

334 lb/hr

5500 (psi) x 100
(56) x 16

214
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Table B=7,

Giossary for Equiiibrium - Pressure Control (Continued)

Standard Value

. > o
. ooe® .
R s A, e &

VT Tranaferred To :
. Description (Defined in the
Number (Program Label) Bendix Program)
034 -——e xhaust request open 9640
035 ——- Exhaust request closed 2650
036 ENK, ENKL Initial value of integral spead 1600
limita value
0317 EPK, EPKL Laitial value of integral pressure 1600
limits value
039 - Logic switch: VT039 = 16 16
initializes everything, VTO039=64
initializes EN, EP only
040 KEF41 Speed contrul gain associated (-246) x i6
with (N-N _, ) at 16, 500 rpm
pla
041 WEF4 Open=loop fuel=speed control at 1648 1b/hr
16, 500 rpm
042 P3r4 Open=-loop PT3 - speed control at 8090 (psi x 100)
16, 500 rpm
043 KEF44 Specd control gain associater (147) x 16
with EN a: 16, 500 rpm .
044 KPF11 Fudge factor uged in EP at, 3089
8250 vpm
045 KPF12 Prescure control gain - (PT5 - (571) x 16
PT53) at 8250 rpm
046 KPF13 Pressure control gain - (PT3 - (-671) x 16
PT33) at 8250 rpm
047 WPF1 Oper-100p fuel-pressure control 779 lb/hr
at 8250 rpm
048 KPF21 Fudge factor used in EP at (576) x 16
11, 550 rpm
049 KPF22 Prescure control gain « (PT5 = (-1621 2 16
PT53) at 11, 550 rpm
050 KF.'23 Pressure con.rol galn - (PT3 - (~-224) x 16

PT33)at 11,550 rpm
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Tﬁble B=-7. Glossary for Equilibrium - Pressure Control (Concluded)

vT
Number

Transfarred To
(Program Label)

Description

Standard Value
(Defined in the
Bendix Program)

061

062

063

064

085

066

067

068

068

o7t

072

074

081
180

WPF2

KPF31

KPF32

KPF'33

WPF3

KPF41

KPi42

KPF43

WPF4

- -

Open=~loop fuel-pressure control
at 11, 550 rpm

Fudge factor used in EP at
1:,625 rpm

Pressure control gain - (PT5 -
PT5) at 14,025 spm

Pressure control gain - (PT3 -
PT33) at 14, 025 rpm

Open=-loop fuel-pressure control
at 14,025 rpm

Fudge factor used in EP at
16, 500 rpm

Pressure control gain - (PT5 -
PT53) at 16, 500 rpm

Pressure control gain (PT3 -
PT33) at 16, 500 rpm

Open-loop fuel=pressure contro!l
at 16, 500 rpm

Spead fuel request
1 count = 4 lb/hr

Pressure fuel request
1 count = 4 lb/hr

Mode numbex

3276 = speed control
6562 = pressure control
9228 = minimum fuel

Exhaust actuator request
Fuel request calculated by

conirol program 3.25 counte =
11b/hr

1740 1b/hr

(59) ¥ 16

(185) x 18

(~2658) x 16

2573 lb/hr

(364) x 16

(156) x 16

(=177 x 16

3478 lo/hr
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Table B-8.

/7 JoB vD18K
// DWP

SDELETE W
7/ A

nECT

L]
*OVERFLOw SECTORS ,,,9

o187
S XREF
SONEWORDINYEQOERS

CUMMON TOUMY L1271, 1VT00,JDUMY (4270, IBTO, MEARY (440, JARCHLD)
IN? HWECT :

.
»
]
)

Equilibrium - Pressure Subprogram

MwECT OC (T
8TX L1 XRied
wOoX L3 0
[ ] & TESYN

INITIALIZATION
ESTN 'EQU .
L0 2 vi0ae
] L elé
BNZ MiCx
sre 2 VYOl
Lo 2 VY012
SRY »
STe L KEF1d
Lb 2 VTO13
870 L WCFy
Lo ® VIDi1a
ST L Papy
Lo P vToLs
SRY [}
810 L KEFts
LD 2 VTete
SRY [
870 L KEF2%
LD 2 VTOL?
80 L WwEF2
LD 2 VT018
ST0 L PIrF2
LD 2 vT019
SRY L)
8T8 L KEF2M
Lo » V1020
BRY Y
5Y80 L KEF3)
LD 2 V02
86 L wlCF3
(¥ ? VYp22
S18 L PapPy
LD g VT023
SRY [
T8 L KEF34
Lo ? Vol
8RT &
BT0 L xEFa&l
LD FIR'A LT

NiSOo0la
HWSQ00Ra
HW800030
HW8N0040
WwWS000S0
HWS00060
Hw800n70
HuS00n8e
HW600090
HWS00100
HWE001 10
HwB0012n

HWE00D190




s

Table B-8,

816
L0
s10
W0
SAT
810
¥ )
10
Lo
SRY
grs
Lo
ERY
T8
LD
§T0
Lo
SRT
sTe
‘L
SAY
sreo
¥
Sy
870
W0

§Te -

L0
SRY
510
)
SRY
870
L0
SRY
10
Lo
sto
Lo
SRY
ste
LD
SRY
ste
0
$RY
gvo
D
$Tveo
Lo
are
are

.
aINTERVAL
.
MICK EQU

LD
8

Equilibrium - Pressure Subprogram (Continued)

L WEF
2 VVoee

L PaPs
L ] :TOO)

L KEFsd
2 VTOMS
L KPFil
2 VTOMS

[ )
L KPFi2
2 V7046
'y

L KPF13
2 VTON?
L WwPFi
2 VTOsS
Y
L. KPF21
2 VT0a9
4
L KPFa22
4 !TOSO
L KPF2»3
2 VToel
L WwPF2
2 VToe2
o
. KPF31
f VT0eld
[}

L KPFa2
2 VTOas
»

L KXPF23

2 vioeS

L WPF3

? VT08é
"

L XPFal

2 VY1047
»

L XPFa2

2 VToal
»

L KPFad

2 VToad

L WPFas

L 0

L Time

L SwLAO

DETERMINATION

[ ]
2 vrin?
(1 ¥L.1)
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HwS001 70
HWS001 80

HWS00R0n
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Table B-8, Equilibrium - Pressure Subprogram (Continued)

ci
¢
NIN

THAX

TIN

TINE

TIND

THAX
1
NIN
"i28
(4

00
ce
INIF.
adg
tap
(11}

014800
vris?
TIN
23

NIN

o0

Ci
(381}
c2
INIF
11880
vT187
TIN?2

L
#3300

o T
L
NNS00RY0

HWS00R60
HWwE00271)
HwBoo2ln
HWS00870
WW8001 30
HWS001 40
HWS00180

HWE09300
MWS00310
HWS(0320
HwWS)0330
HWS00340
HWE003%n
Hati00360

Hw 500380
HW80023%0
HwS00600
HWS004sin
HWS00MEN

HWE00s4H
MaS004%0

HWS00s70
T [l TY 1)
HWE00490
Hw800800
MwS0081ia
HWE00S20
HWS0083n
HWSO0BM

HnS00360
HWSCOS70

HW800890
HWS00600
HWS0061n
HWs00a20
HW800630
HWE00640
HWS00450

HwS006710
HWS00480

Hw800700
HW800710
HwS00720
WWS00730
HwSO07%0
HaB20750
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Table B-§. Equilibrium - Pressure Subprogram (Continued)

. EOULIBRIUN FUEL FLOW SO GAINS
xEF11 OC [ T T
xEFLE OC [+
xEF13 OC ]
xKEFLs OC ses
wifi ©OC Yy
»3€1 0OC 27n8
PsEy OC 1633
. PRESSURE FUEL 7LBY 80 GAINS
XPFi13y OC eeg
xPFi2 OC (11
KPF13 OC tog
KPF1s DC )
wPFy 0OC oo
P3Py OC ey
PSP UC 1480
wiey O¢ 1118
Abl oc 169
wFMN] DC 650
TE1 'OC 2602
aum?y OC 1
$ETx3 DC 0
NGFY Do 10
ci1 oc ene
cel 0OC sen
8Ty 0OC ave
gUME USS8 [ O
CC 0
ot 0
[ ]
e INTERPOLATE INTERVAL 1§
.
INIF EQU *
WD L C1
st Cit
L0 . Ce
870 ca1
Lo L SETXt
t 31 ] 7871
LUPL LOX 11 T8Y4
LD L1 KEF4
™ Ci1
870 SUM1L
L0 L1 KEF21
M c21
AD SUMY
SRY 7
scY 16
$T0 L1 KEFNt
LD 671
A L BumMPy
ST 8711
S L NGFY
BN Lum
8 L FUFLM
. EGUILIBRIUM FUEL PLBW T0 GAINS
xeF2y OC 'Y ]
wEFa2z oc v}

148

HWE00T760

misoonsn

HwE00930
WNWS00980

HW800970
HWB0098
HW3009%0

HuWS010in
HW801080
HKE010%0

HWS01080
HWS01060
HwS01a7a
HwS01080
HWS010%0
Hw801100
Mw801110
HWS01120
H¥801130
HWSDi 180

HwS01170
HuWS01180

HWS01220
HwSO01230
HWS012%0
HWS03 €80
HNS01260
MWS01270
HWS50128)
HWE01290

Mﬁ-—' A



Table B-8. Equilibrium - Pressure Subprogram (Continued)

FUEL FLOW 70 OAINS

FUEL FLEW 88 OAINS

xEras OC ]
REFZs DC ere
wEfz OC owe
P2 OC 4361
r3iz2 OC 1893
™ PRESSURE
XKPF2L OC ong
xPF22 DC seg
XPF23 0OC ode
xPF24 DC 12?7
whfF2 DC sey
pak2 0OC [T
pSP2 OC 1640
wiF2 GC 1877
A82 ©OC 162
_ WFHNE OC 1118
te2 0OC 2563
ci2 D¢ aey
ca2 ©Oc¢ 'Y
TsT2 OC oy
guM2 8sS E O
' DC 0
oc -]
.
& INTERPOLATE INTERVAL B
*
INRF EQU .
W Lt €3
3T Ci»
0 . Ce
{31 ] car
W L SETXS
s70 1872
LuUP2 LDX 1t TSYR
LD L} KEF23
" Y]
$10 Sump
LD LI KEF3Y
" caz
AD SUM»
SRY 7
SLY 16
370 L1 KEFN)
LD 7872
A L BumPY
s78 1§12
8 L NGF?T
BN LuP2
B L FUurLM
] EQUILIBRIUM
xXEF3Y DC wee
xEFa2 OC 0
xEF33 DC 0
xEF34 DC teyp
wtF3 DC enn
P3E3 OC 6161
POE3 OC 2243
. PRESSURE

FUEL FLOYW AS OQAINS

149

[x

Nw80137a

HWEDiab0
HWS0iaTo

HWEN1 300
HWS018L(

HwS0{82n°

HWS013%0

HWB01880
HWS01860
HW30187n
HHS01880
HWE01890
HWE01600
HWS01610
HaS01420
HWS0163n
HWE0iadn

HeS01870
HWS01480

HWEO1 720
HWS01720
HWWS01 740
HW8017%0
HwS01760
HwS01770
MWE01 780
HWS01790

MwSO1870

P S ULV Ty




Table _:B- 8. Equilibrium - Pressure Subprogram (Continued)

KP';; o¢
«??32 OC
xPF33 OC
XPF3s DC
aPFy DC
rIP3 OC
#5P3 Oc
wTF3 DC
A83 D¢
wFYN] DC
83y D¢
c13 *]od
ced 0¢C
18t3 D¢

SUM3 bBss §
) +]o
oc

(11
L L1 ]
one
23
(1Y}
ove
2080
02
162
1628
2742
L LY ]
deo o
[ LX)
0

°

o

»

o INTERPRLATE INTERvVAL 3
. .

1

N3IF EQU »
’ LD L €3
i34} 13
Lo L C2
- 34 ) c23
LD L SETx4
34} 1812
LUP3 Lbx 11 18T
LD Ly XEFI1
" (4% ]
$70 SUM3
(%) L1 KEFel
M ca3
AD SUM3
SRY 7?7
LY 16
870 L1 KEFN)
LD 1813
A L BumMpl
 3d.] 1873
] L NGFY
BN #Uﬂi
] L VELN
. EQUILIBRIUM FUEL FLBW 100 OAINS
xEFag OC ey
KEFa2 DC 0
KEFs3 OC 0
KEFay DC Sve
wEFfs DC tee
PIEs DC 10110
m3Es OC L1 1Y)
. PRESSURE FUEL FLO% 100 GaIng
KPFay DC tee
xPFa2 OC ave
XPFs3 DC oo
xPFas DC nr
«PFa  OC esy
P3Py [v] o} [T
Priedty i S
150
P4 b S S S GO, e 1T AR de e e e

NG T

HWBO1960
HWS01970

HuS02000
HW802010
MWSO20En
HwB020%n

HWB0R0B0
HuS02060
HwE02070
HWS02080
HWS020%90
HWS02100
HWSC2110
HaSQ212n
HWS0213n
HWS021 40

HW802170
HW802t 80

Hw302eEn
HwSD283n
Kw802240
HWS0D2280
HWE02R60
HWSO2270
HWS02280
HW80229n0

HW802370
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Table B-8. Equilibrium - Pressure Subprogram (Continued) ,

i R 91 W cael
ab ¥n DC b PTTH
-, T DC 2604 HWS02800
. FUELM EQU . HWS0RS10
P . .
; o INITIALIZE INTEGRALS AND LIMITS DN INTEGAALA
.7 .
+ Lo 2 Y7029 HWSO2820
o [ ] T HWS02830 i
§ "% MOw9 . HWS02540 ‘
3 Yte 2 V1039 ;
! L0 2 VT03s HWE028580 '
; ste ENK ;
; BNN SENL !
% s ENK
. SENL STE ENKL : S
i L0 2 VY03? HWEO028 70 .
E §RY 4 i
.E sro EPK §
a BNN SEPL i
Ld L0 *Q ;
i s EPK :
; SEPL  Sve EPKL ;
¥ LD ® VVoas HWSORBS0 ;
: ‘ste LrxL HuB02400 )
sro LTK
MOW® €3V . HWS02410
. . : HWS02620
] HWS0243n
. ' HWS0272n :
. ¢ CALCULATE OENIVATIVES FOR EN EP Y vWS0273n |
. HuS02740 I
Lo 2 VTisg HWS02750
] t ALY 1) MWS02760 !
sTe ENDK HAS( 2779 1
LD L PYINB Huf (2320 |
] 2 VTi02 i
svo EPDK HWS02a60 ;
L0 2 vTo9r WuSc2980 ;
SRt 1e WWS0Z2a60 ;
0 T el0 Hu80287n
8 L TBBN . HWS02880
sveo ETOK WaSO2890
(W, ] Ting HWS0290n
N2 INYEQ HWS 02910
Lo ENDK N4502%920
syo ENDK1 HWS02930
LD EPDK HWS0294n
£37.] EPDKY HWS0295%0
Lo ETDK HaS02960
gre £TDK1 HWE02970
D 2 V103 HWEN298n
sre Enk HWS O, 990
NN STeNL
=D LDv]
] ENK
* - STENL ST8 ENKL
LD t AT X )4 HWS0304n
SRY . .
) 1-34.] EPx HwS03030
BNN STePL
LD (14}

S EPx
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Ta.ble'.B- 8. Equilibrium - Pressure Subpr«gram (Contimued)

sTEPL BT EPxL
g ? vTols HWE0daln
] ETk HWS03060
810 ETL HW§03070
LD sl HW§03080
ste Time WwS030%0
-] L INYEG
LORG . HWS803110
«GENERAYTE EN EPET HWwS03120
TINE OC ]
ENDK DC ‘e ‘ Mu8031 40
ENDKY DC ‘o p HuS031 %0
EPDK OC (LY} HWSO31 60
EPOX1 D¢ ton HW803170
. ETOXK ©Oc eng HwWS0318n
: ETOKY OC (1Y} HwS031 90
) DY ] o 15 HWS03200
ENK oc ong HWS03210
ENKL DC top HwS§03220
: EPX  ‘'DC eve HWS03230
: EPxy 0OC due HaS0328n
i ETXK De (1Y) HWE0325n
; ETeL. OC sup HuS03260
: . HwS0328n
INTEG EQU * H4S03290
* CALCULATE N HWS03200
LD - ENDK
A ENODK1
M '}4
LY 3 EN SCALED UP BY &
D 378
A ENK HW803400
134} ENK HWS0dslo
7 . CALCULATE £» HNSO D
. WD . EPODK
1 A EPFOK1
: " ) g
] *378
L] L KPFMN1
D +1000
A EPX : HW803e%0
sre EPK HWS03800
] ) CALCULATE Y HWB038ia
LD ETOK HW803a20
M o3 HW803830
SLT 16 HiB0ISA0
8 ETOxt HWS03s5%0
M 0T HW803%60
D s2000 MWS03%870
A ETx HW303%8n
570 ETX HWS03590
* LIMLYS ON EN EP ET HWS0340n
LD ENK HWS03nln
BN ¢ My : HaS034620
8 ENKL Hw803430
(-1¥7 MW HWE03a4n
(1] ENKL HaSCI¥AS0

STo ENK HWS 460




Table B-8. Equilibrium - Pressure Subprogram (Cont_lmxed)

LT

LT

MRe

L1 ]

Hub

.
PLA

L]
£ou
19
A
or
LD

s
sve
EQU
LD
N

8
anp
LD
Sre
8
£Qu
LD
A
‘up
D
S
sve
EQU
LD
&N
s
eNp
L0
st
8
117
L0
A
ar
LD
8
sre
-]
LORG

EQU
LD
]
3N
Lb
ST
Lo

L N2
.
ENk
ENKL
Mg
=0
ENKL
ENn .
.
EPK
Mw)
EPKL
MWy
EPKL
EPK

L MWa
&

EPK
EPKL
Mws
a0
EPKL
EPK
L)
ETK
Mas
ETKL
Mg
ETKL
ETK
L Mug
L ]
ETx
ETKL
Mug
o0
ETxL
£TK
L Mue

AOL OgRrIvatives

®

ENDK
ENDKY
EPDK
EPOX1
€T10K
£70x1

INTERPOLATE FOR PTI AND Py
AS A FUNCTION OF PLA

receecr

L]

NPL Y
» vijas

MDW1
. P3E1
L ParL
L PSPy

153

HwB03a70
HWS03480
HW80349%0
HW803700
Hw$03710
HW50378n
HWS03730
Hw803740
Hu$03780
Hw803760
HWS03770
HWS03780
HWS03790
HWS03800
HASO381s
HWS0382n
HHS03830
HaS03840
HAS03850
HaS03860
HWS03370
HWSC388n
HWS03a%0
naZO3900
HAS0391n
HWS03920n
HWS0393n
HWS0394n
HwS039%a
HuS0396n
HWS0397n
HWS0398n
HAS019%0
HW80en00
HwS0601n
HwWSOan20
HWS04030
HWSORONN
HaS04n80
HWSoanbn
HWS04n70
HaS04080
HWS0409Nn
HWS0&100
MWSO4tlo
HWSD41 20
HWSOat30
HWSO41 40
HwS0a150
Hu80a160
HwS0a170

MWS04180
HwS0&t9n
HaS04200
HaS0&210
HaS04 220
HaS0s23n




Table E-8, Equilibrium - Dressure Subprogram (Continued)

ST8 L PBPL HWB0A RN
D L wEFRL HuS0s28n
310 L WEFN HuB0s26n ?
8 L MDWe - HWS0427n 4
mOWy LD NPLS HWSOMR 80 j
] 2 VTi28 HuS042%n i
ap MDw2 HWS04200
LD L Paks. HWSOA3LN K
8T8 L P3FL HWS04320 .4
LD L P5gs HWS04330 1
SYd | PSFL HWS04340
LD L WEFs HWS0435n
STO L WEFN HWS04360 k
8 L MDwé HWS04270 j
MDW2 LD L NPLZ HWS04 380 g
) ? VTi28 HuS04290 3
BN MDw3 MWS04 600
SRt 9 -
] 3300 MWSOssln -
‘70 Cx1 HWE0MsI0 .
LD si2a :
s x4 HwS0u&Bo 1
sre Cxe HWS04 460 3
(W) L Paey MWSONa70 A
St P3L HWSO4 480 ,-{
L L Par2 HWS0se90 :
sve P3n HW504500 .o
“ 0 L Pser HWS04S1n 4
ST P5L HuS04520 i
L0 L PSea2 . WWS04S3n LA
sT0 PSM HWSOMSen
L0 L WwEF1 HWS04530
T8 L WEFL HWS04860
L0 L %EF2 HWS0as7p
ST L WwEFM HWS04S80
B L MDws HUS04S9
LORG HwS04800
mhw3 LO NPL3 HWSOA&1D
8 P VY128 HWS04s20
1] MDwa HuS04630
SRY 9
o] s2a78 HWBR4 45N
sTe cx1 HuSOasb0
L0 128 :
] X1 HWSQeaBn q
s7e cx2 . HWB044%0 i
L0 L P32 HWS08700 ;
sT8 PaL MWS0a710 ;
L0 L P33 HwSO04720
Sre PIm HuSO0a73n E
LD L PSE2 HWS0aT4n !
ste PSL HWS04 750 :
LD L P5g3 HaS0476n :
878 P5M © MWSINT?0
Lo L wEoF2 HaSQ4 780
ST0 L WEFL HaS08790
LD L WEF? HeSOWA0A
ST | WEFM HuSNukin

154



Table B-8, Equilibrium - Pressure Subprogram (Continued)
. (4 L MOwWS Kugosaka
NP OC 480 Y LTI E
NPLE  OC 11680 HWSOL BAD
NP3 OC 14028 HWSOMASH
NPLy OC 16500 HuS0sawn
cxy bC teu HWS04870
cx2 oc ave HuSOsR8n
PaL [+ [ ave . HWS048%0
P3N OC ady HwS04900
PSL  OC ey HWS0a910
PSM  DC swe WaS0a920
wEFL DOC ove HHS0494n
WEFM OC ang LWS049%50
SuMx B8s8 E 0
oc 0
] o ]
mDws LD KPLs HaS0496n
S ® VIi2s HWS0M970
SRY 9 .
‘D o247%8 HWS04 990
ste ctx1 HWSOSO0,.
LD vi28
S cxy HWs05020 :
37 Cxp HWS0503n i
L L P32 HWS050%0 !
ste PaL KWS05n5n
. L0 L P3ke HWS2506n :
ste P3M Hw808070 i
Lb L P5E3 HWSOB0BN i
. S8 PSL . HWS0509~
LD L P3Es HwS05100
810 PSM HWS0S1 10
LD L WEF3 HWS0S120
218 L wEFL HuS051t3n
L L WEFa HWS0St 40
: 818 L wEFM HWS0%150
MDWS LD P3L HWS05160
M Cxg HWS0S170
810 SUMX
Lo P3N HWS05200
" cx? WWS05210 i
AD SUMX {
SRY ?
SLY 16 H
L3¢ P3PL HWS08a5n .
W) PS5L HWEDS5260 !
" (4731 HwS0S27n .
$TD SUMx i
LD P5H HaSQ5300 :
M Cx2 HWS0831n
AD SUMX
SRT 7
SLY 16
sve - PSP Hn§5051%0
W0 L WiFL HW50%1318n
- M cxt HWS0%1370
STD Symy
LD KEFM H4S0%400
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Table B-8.

nOwe EQU

.
.
.
mE

Lo
Sre

[N ot ol o . P U N N U S o

-

ﬁ'.n NN NN RN M N W™ N Y W

-

Equilibrium - Pressure Subprogram (Continued)

Cxp
Sunx
?

i¢
WEFN
MDwe

[ ] .
PSP
viseld
FIrL
VY163
ENK
VTied
WEFN
V7143
KEFNT
vTi6é
KEFN2
Vri4?
KEFN3
V7168
KEF NG
VTi49
PTSNnB
V1170
PTIND
VAR,
EPK
viiz2
wPFN
vIi173
KPFNQ
Y1474
KPFN3
VY128
KPFNg
vYL176

CALCULATE XeX0

Py EQu
&0
]
aTe
sre
(2]
5
Ste
5

sre
%]
]
sre
sve
L0
ST

NN

L]
vVT18?
vTriaa
MES
vT19¢
vTi08
PSPL
MER?
vT073
vYi19?
vTtoe
P3P
ME3
vTios
ENK
ME o

FOR TOUILIIRIUM PRESSURr

WuB0Salo

W30848a
HWS0Bebn
HWB0Se7n
HWS05s10
HWS05820
HWS0S%In
HWS0Ss4n
HWSCSsSn
HWS05%60
HuS05570
HiS0858n
HwS0%59n
WuS0840n
HWS0Ss1n
HaS0%62n
HaS05630
HWSO0Sa40
HWS0%4%0
HeS08460
HxS08670
HwS0%680
HWS0%690
Ha5GS700
HWS0S71n
HWS0%720
HWS08730
HWSO%74n
HWS0875n
HW§05760
HWS0S5774
HWE05 780
HuS0%7%)
HWS05800
HwS0%s10
HWS05480
HWS 05490
HWS05500

HWS05a2n
MWS0%a30
HWSOS8e0

HWS054%50
HWS05880
HWS05890
HWSG74 60

HWS0590n
MwS08930
HWS059%0

HWS05950
H4SORIEN
Ha8768970
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Table B-8, Equilibrium - Press:.re Subprogram (Continued)

MEL
MER
MED
ME 4
4!
MF2
! X
MRS

KEFNS °

KEFNE
KEFNT
KEFNG
weFYy
P3P
PSP,
KPFN1
KPFN2
XPFN3
KPFN&
wPFN
PTINB
PTSNG
aTFN
ASN
wF MNN
TN
SUMEF

L0
v
are
s70
Lo

viios
PTEND
lalat ]
V7199
vTiog
PTING
MP3
VY200
EPK
NP&
REQE
L LY
wog
e g
[ LYY
4y
Swy
[ LY
(1T
[ 11X
(1 X ]
(L] ]
[ 1 1
(1 T )
[T X}
Sy

3
-
PR )
avy
[ L)
fng
ey
teg
(1 X
(1 1)
ooy
ooy

AR S IR RN R L T

e CALCULATE FUEL RED. .80 FOR SPTED AND PREgaURE

.
FREQE

Eav
LD
M
SLY
Sre
Srd
Ln
M
D
ERT
sSre
A
34 ]
LD
L}
0
SRY

L

L ]
KEFNY
MES

7
vT201
SuUmeF
KEFNR
ME2
100
#
vians
SUMEF
SUMEF
KEFN3
MES
2100
9

157

WuS0Belo
Hws0s0io
HwW§0s020

HWS0s030
HW805060
HuS06070

HwS0s08o
HWwSCs0%0
W4SLE100
HWS0&t1ln
Hw80a120
Hn806130
MwSL &L 40
HaS50415%0
HWS06160
w5041 70
Hw506185
HWSCe190
HWSC420n
HW306210
HWS0ea2c
HAS06 239
HWS0424n
HWS08250
HwS06260
HWS( 4270
HW504280
HwSCa29n
HWS06300
HWS0634n
NwS04 320
HWWS0633n
HWSDA34D

HWS§06370
HWS081380

HWS084BA
WnS0646n0
HWS06470

HWSD& 4N
HuS0e N
HWE0LS LN

HaB04R%!10
HWSDaSwN
HWSD68SNn
HwS0686n

L SR 0 2 S e A |

B T e



Table B-8, Equilibrium = Pressure Subprogram (Continued) :
é
8ve 2 viR0) O f
A sumer NWE06880 ;
810 Sungr HWB06890 g
LD L KEFNe HWS0660n :
" MEas HWB0861N !
LY 'y .
SY0 » vYZ0A 1
A sSunef HuB084630 -
sY0 SuMEs HWB0645n
LD L WEFN HW808470 3
SRY 2 ‘
A SUmMEF HWEQe700 :
t 11] SUMEF HW80s 720 é
] L FReo» HWS08770 1
LBRG HWS06780 !
_SUMPF DC sen . MWS087%0 j
FREGP EQU L] HuS0ea0n ;
LD L XPFENR HWS06080 1
" MPR HuSO6aéN :
‘D [ }Y+]] )
SRY ;
870 SUMPF CELLTY § 1) [
870 g vTeol :
LD L KPFN) Hu804900 :
M 1) HWE08910 i
D 100
sy - ? ;
8T8 2 VTP04 X
A SUMPF HW806930 i
sT0 SUMPF i HWS06940
LD L KPFNG HWS04980
] MPy HWB08960
] *100
SRY
sre 2 vian? .
A SUMPF HWE0a980
3¢ SUNPF Wus0%701n :
LD L WPFN MwE070R0 E
8SAY 2 4
A SUMPF HWEQ705n [
sve SUMPF WWS07070 ‘
6 L FREQY HwE07120 ;
LSRG . HWE07130 ‘
SUMTF DC TS MW3071 40
FREQY EGU [ HH807180n
(%] 032700 HW80716n0
819 SumtF WW§07170
(-] L MDSwWY HW80718n ;
LORG MWE071%0 !
oNE »]4 3276 HWE07200 i
o OC 6382 HaS07210 :
THREZ OC 9528 WWS07220
wFMeb OC sy HWS07230
® .
e MODE SwWITCMING LOGIC
[ ]
MOSWT FoUL . HaSO7200
Lo L Su~gf Ha897250

158
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

* t 34 2 VTO?4 HWS07260
LD L Sumes Hw§0Ya?0
870 2 VTo72 HwBO7880
D L Symer HWg07898
%% 2 viom HW807300
CHp P VYo7 HWS0711¢0
L0 ? VTa7e HIBOT220
NOP . HW§07230
t 3 ] wFMOD Hw80734n
Cup 2 VTo74 HWB8071380
W0 2 VTo7s HW807360
Nop HWS07370
8180 2 VTiap HW807180
N MINFL
N L ety HWS06990
SLY 16 HWSC7000
£ 3] 2 VY80
LD 2 VT80
$ L WFMNN
‘8NN MINSS
MINFL LD L WFMNN
8T 2 vT180
MINSS EQU L
Lo 2 VT80 HWB07390
SRT 16
. ) (2% )
- 2 VION HW80Y7400
aNg MIKEY HW807ai0
LD ONE HWS074 80
ST 2 VTo7 HWS0743n
-] L Raats MHWSOT440
MIKEL LO 2 VTia0 HWS0 7480
SRY 16
) i3
L] 2 vior2 HABO T4 b0
N2 MIKER HWS8Q7s70
%] Twe HWSO07480
510 » viO7s HW8074%0
(] L ROAIB HWBOT7800
MIKER LD YHREE HwSO7S1in
2T8 2 VTO74 HWSO7820a
[-] L. RQald HWE0783n
XLAGD DC 49
KINUM DC n
KEgnNyM DC. 9
YNML  OC LTy
uUnNMi  DC (1T
i TEMF ¥88 £ O
! bC 0
4 *] 0
i §wLAG DC ™
2 .
w s FINAL FUEL REQUEBT 18 LAOOED WERE
& [ .
§ . RUAIB EQU L HWB07840
: LD L SWLAO
HNZ FILY

L L =123
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‘Table B=7, Equilibrium - Pressure Subprogram (Continued)

e L SWLaG
Lo 2 Viis0
810 L YNMy
STO L UNMy .
8 L oOoneZz
FILT LD L UNMy
’ M L K2NUM
ST0 L TEMF
L0 2 V130
8T8 L UNMy
M L KaNum
AD L TEMF
STD L TEMF
LD L YNM)
" L KINUM
AD L TEMF
) & KLAGD
8T8 L YNMy

576 2 v7T180

e
® EXMAUSY NBZILE REQUESY CALCULATION
[
DONOZ EQU .
LD 2 VYOZ4
] L ONE
BNZ G710
LD 2 VTiaa
STO L Naa
B L CaLas
aTi0 LD 2 VI187
8T8 L NAg
CALAB LD L NAp
8 L sle02%
BNN G111
LD 2 VI0ls
§Te 2 vvOAl
-] L CONY
gviy 8 L wEa7S
BN Gri2
L0 2 V7038
ire 2 VIoaL
] L Cont
ariz LD 2 VIode
] 2 VT01s
ST0 L ANBIN
LD L e18500
S L NAa
" L ANBIN
] L 2478
A 2 vioas
Sre 2 vinal
8 L Cont
LORG
NAB oc esy
ANOZN DC teag
CONT EQU . Ni807700
xR1 LOX Lt eey Hw80771n
MSC | HaFCT HW807?780

160




vig?4

viore

Table B=8,

vio?3 Ecu

vioPs
vi08s
vios2
vT70ald
viis?
v1tiao
viizs
vTio2
vTio8
viQ9?
AR
vTQa?
- v1o3s
vT339
vTie2
vTies
ARY L
vTie3
viiee
UARY-Y4
viies
vtie9
vii70
V1173
wTize
vT173
vii?s
vYi17%
vi172é
v1206
vtao?
vT196
vTi8?
vTi9s
vii199
v1200
vi2o1l
viaoe
vi2os3
vi2os
vY20%
vtoL2
vidia
vToL e
vT01S
v1016
vT017?
viola
viy19
V1026
vigzy
viQe2
viGe3d
vTQ49
vinet

EQu
1 §-17)
tau
EQu
EQU
€ou
EQu
EQU
EQu
€au
EQuU
EQU
EQu
EQU
EQu
EQu

‘EQV

EQu
EQU
EqQu
EQu
RQU
EQuU
EQu
EQU
EQV
EQu
€qu
EQU
EQU
Equ
EQU
Eau
EQU
EQU
EQU
EQU
EQU
Eau
EQU
EQU
EQu
EQu
Eau
EQU
EQu
EQu
EQu
EfY
EAQU
EQqU
EN
EQU
EQu
Eny

Equilibrium - Pressure Subprogram (Continued)

oy
72
.73
oTs
(1 }]
33
(1§ ]
+30
+53
+1
=302
*108
97
3%
«37
=38
39
*3E
+36
+37
*3IA
+39
[17]
Aby
*%2
b))
shiy
48
he
*"“?
£Y7 )
"9
+79
+80
+69
+70
74
+72
*73
76
«78
+76
+77
+78
old
=13
LY
121
*16
*1?
v18
-x'
20
e
22
23
.i()

LI R

HwB07730
HuS07740
HuS07780
HWS07760
HWS0?77%0
HwS507780
HWS077%90
HwWS07800
WwS07810
HWS0782n
HWS07830
HWS07840
HWS07450
HWSO7R60
HWS07870
HW50788n
HWS0789
HWNS07900
HWS07910
HASO7920
HWS07930
HWS0794n
HWS07950
HWS07960
HWS079708
HWS07980
HWS0799
HASC800N0
HAS0BN1N
HWSOBO20
HWS0B0 30
HWS0B04n
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Table B-8. Equilibrium = Pressure Subprogram (Concluded)

vTi0e2
vT0e)
vTOas
VT0a8
vToee
VTaa?
vTiQas
vT0e9
vT050
vTo6l
vioe2
vT063
vTO64
V1063
V1066

- VY067

v1068
v1069
vi03s
vT04%

EQu
Lov
&0V
EQu
EQu
EQu
EQu
EGu
EqQu
€qu
EQu
EQU
EQu
EQu
EqU
Equ
EQu
Equ
Eau

‘EQU

END

[ 17 4
[ 15 ]
ohh
(L1
obhé
-"?
48

b9

50
69
L 14
*63
b
65
*6é
o%?
*68
69
*3a
=35

162




Table B-9. Standard Trim Adjustments

(Equilibrium Pressure)

in Bounds Program

N T4 -] HR S .
/7 OWp 12 WUN T4 08,612 HRS
*DELETE GYECT
DMP FUNCTION COMPLETED
M 14 2613 HRS HWEDQOQ 10
*OVERFLOW SECTORS 499 HWEO000 20
= IST H|
*XHEF HWEOQOO 40
RS,
*COMMON IDUMY(127)4IVTOO,JOUMY (127) s IBTO,MEAST(04-),1ASCW(2Z) MW EO0O 60
0000 QT78CS0E3 1 ENT GTECT HWEQOQT0
0U00 0 0000 2 GTECT DC Lo HWEDOOO0 80
0001 01 6D000G)Y2 3 STX L1 XRl+l HWEDO0090
0003 01 6EQ00514 “ STX L2 XR2+1 HWEQO 100
0005 01 6FC00S516 5 STX L3 XR3+l HWEOD 110
] - HWE0O120
0007 03 &6TUOFECY T LDX L3 MEAST-63 HWEQO 130
0009 03 660CFF8OL a8 LOX L2 IVT00 HWEQO 140
0U0B 00 65000000 9 LOX Ll o HWEQO 150
000D 0 CO3F 10 LD =0 HWEOO 160
11 . HWEQO i U
00OF 01 4CUOOCOF7 12 B L START HWEOD 180
0010 13 KSTAL EQU L RESEY ALL DJGITAL AUJUSY HWEDO 190
ouvino 0 CO3E 14 Lo 5TOUl HWEOQOD 200
OUll O D2FF 15 STO 2 v1ool HWEQ0 210
0l2 0 CO3D 16 LD $To02 HWEQD 220
0J13 0 D2FE 17 ST0 2 vioo2 HWEDO0 230
ovlae 0 CO03C 18 Lo 57003 HWEQO 240
0Ul% U D2FD 19 $T0___ 2 vTo03 HWED(Q 250
Qule 0 CO36 20 LD STOO4 HWEQO 260
OUl7 0O D2FC 21 $T0 2 VT004 HWE00270
ouls 0 CO03A 22 LD $TO0S5 HWEDO 280
0U19 O D2FB 23 ST0 2 v1005 HWEDD 290
ovia 0 CO039 24 LD $T006 HWEOD 300
OUIR 0 D2FA 25 ST0 2 V1606 HWEDD 310
0ulC 0 (038 26 LD sT007 HWEOD 520
0L U D2FY 217 5702 v1007 HWEQD330
0U1E ¢ €037 24 LD $7008 HWFO0 340
OULF O D2Fb 29 STD 2 v1008 HWEOQ 350
0020 0 COie 30 LD SY009 HWEND 360
002y 0 D2F7 31 STO 2 VvT009 HWEOO 370
0022 0 CO3% 32 €D 5TH510 HWEOD 380
0V23 0 D2Fe 33 STO 2 V1010 HWEOQ 3v0
00Z& 0 CO3a 3% LD 57011 HWEOD 400
0U25 0 D2F5 35 STO 2 vI0ll HWEDD 410
ougbé ¢ €033 36 LD 51012 H
__0U27 0 DZF4 37 STO 2 viol2 HWEDOD 430
ou28 U €032 38 LD 57013 HWEDD 440
029 0 D2F3 3y S$TO 2 viol3 HWEDOD 450
ovza 0 (031 0 LD ST0l4 HWEDD 460
0428 0 D2F2 41 S$TO 2 Viola HWEQD 470
ouLeC 0 CoO30 42 LD STOLS HWEDDO 480
~Duel 0 D2FL 43 ST 2 vTO015 HWEDOD 490
OUZ2E 0 CO02F 44 LD ST016 HWEDO 500
0DU2F 0 D2FU 45 STO 2 V10le HWEOQ 510
0030 0 COZE w6 Lo ST017 HWED0 520
0U3]1 0 D2kF 47 STO0 2 vTI017 HWEOQ 530
0v32 0 €020 YY) Lo STO1R HWFOO 540
QU33 0 D2EE 49 $TO 2 VTOlH HWF 00 550
0Us4 0 TCOXCT T T TR T YL $TO19 ~ 7T T HWEDO 560

A S A ey
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Table B-9, Standard Trim Adjustments in Bounds Program
(Equilibrium Pressure) (Continued) -
. e _ k2 JWUN T4 _ _ PAGE 002
0035 0 DcED 51 ST0 2 vio19 HWEDO 5 10
0036 0 €028 52 L $7020 HWEDD 580
oV37T 0 D2EC 53 STO 2 vio20 ‘HWEOD 590
0V39 0 D2Ed 55 STO vioz2l HWEOO 610
QU3A O (029 56 1D aT022
0038 0 D2EA 57 5TO 2 vio22 HWEDOQ 630
. DOAC O 028 LY. 10D SIN23 . I — . ("] ) T 7Y™ ) B
003D 0 DZ2E9 59 STO 2 vT023 HWEOOD 650
Q LD S$702% HMEQD 660
QU3F 0 D2k8 61 STO 2 viD2s HWEQOD L 70
62 LD - $7025 HWEQQO680_
ov4l 0 D2ET 63 ST0 2 vT025 HWEDQ 690
0042 O CO25 o L $1026 HWEQQ700 .
oLs3 0 D2E6 65 STO 2 V7026 HWEQO 710
QU44 O CO24 66 LD $TQ27 HWEQQ 720
0Ue5 0 D2E5 67 STO 2 V1027 HWEO0 730
QU4 O G023 o8 Lo $7028 HWEQG 740
00T 0 D2E4 69 - STo - 2 vTo28 HWEOO 750
Qu4s 0 _ (022 70 LD $7029 HWEQO 760
0049 0 D2E3 71 $TO 2 V1029 HWEQO 770
Qu4A O CO021 72 LD $Tv30 _ HWEQO 780
0048 0 D2E2 73 STO 2 V1030 HWEDO 790
QU4C O 7048 14 8 STTVT HWEQQ 800
75 LORG HWEQO 810
0ush 0 00Q0 76 = o¢ 0 .
17 * SPEED CUNTROL FIGLO-3&4 HWEDOO 820
, 00¢E 0  _00ud 78 ST000 DC 0 HWEDOQ 830
’ 004F O 0000 79  sT001 OC 0 1DLE SPEED TRIM HWEDO 840 .
0051 0 «E20 3] ST003 DC 20000 HWEOO 860
. a2 57004 DC [1] +
; 0us%3 0 1000 83 $T005 OC 4096 N INTEGRATION INC HWEQO 880
0uS6 0 1388 Be _S7006 DC 5000
0055 0 FOO¢ 8% STQ07 DC : ~-4096 N INT DECREASE HWEO0900
0056 0 ECT8 B( _ STOOH DC -5000
e71 = HWEDQ920
B8 = 31
0U57 0 0000 a9 $T009 DC 0 SPEED CUNTROL SELECTION HREQ0940
< 11000 )
ous9 0 0000 91 §T011 OC 0 ' . LERU FLUM ADJUST HWEQ0960
92 * HONEYWELL ST VALUES
93 .
0USA O F290 94_ _ ST012 OC -3440 N___GAIN (50 ,E)
0058 0 0177 95 ST013 DC 519 3 (50 4+€)
005C 0O 0000 96 $TOols DC 2200 PT3) (50 4€)
005D 0 0180 91 STOL5 DC %32 EN GAIN (50 4+E)
OUSE O _FB20 98 $7016 DC -2016 N__ GAIN (70 4E)
005F 0 0315 99  ST017 OC 693 W (70 +€)
0U60 0 0000 100 §T018 0OC 3330 PT3Q (70 ,€)
0u61 0 0190 101 §1019 OC 400 EN GAIN (70 ,E)
0us2 0  FB6O 102 $7020 DC =1952 N GAIn (85 ,E)
0063 0 04Ab 103 ST021 OC 934 wF (85 JE)
0064 0 0000 104 57022 DC 5300 ~ py3P __ _ (8BS LE)
0065 0 0380 105 §T023 OC 896 EN GAIN (85 ,E)
106 =

107 * END HONEYWELL ST VALUES

T T R VPGS
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Table B-9. Standard Trim Adjustments in Bounds Program
(Equilibrium Pressure) (Concluded)

12 JUN T4 __FreGE _003
108 *
oUss6 0 1770 109 STQ24 D 6000 LZERQ N _sATIQS INTERCEPY HWEQ L1140
0067 U A240 110 57025 DC ~24000 BACK SLUPE SPEED BREAK PT HWE01150
0UBLB 0 40VLU 111 57026 DC 16384 _#
112 x HWEN1170
113 * FIGURELY -8 RAT]IOS INTEGRATIONHWEQLL80
0UBY U TFFB V14 $TU27 OC 32760
0U6A O 0000 15 ST028 OC Q . e
ou&B 0 00UL0 116 ST029 DC 0 MINIMUM RATIOS SLOPE HWEO1210
__00&C U 5014 117 ST030 PC 20500 MINIMUM RATJOS LEVEL  HWEDL220
ousb 0 0000 118 STO31 DC 0 HWEO 1230
OUGE O TFF8 119 $T032 DC 32760 VALVE MAXIMUM POSIT! HWE
OUeF 0 0000 120 57033 DC 0 VALVE MINIMUM POSITIUi HWEDL 250
OU70 O 25A8 121  STU34 DL 9640 _—
0U71 0O O0A5A 122 57035 DC 2650
123 ® o )
124 * HONEYWELL ST VALUES
125 *
0V72 0 0640 126 $Tu3e DC 1600
0073 0 U640 127 STO37 DC__ 1600
0UT4 0 QOUA 128 $T038 OC 10
_0u75 0_0010 129  ST039 OC 16 e
0076 U FOAD 130 $7040 DC -3936 N GAIN (100,E)
__Uu1T_0__0960 131 51041 DC 1648 WF {100,E)
0u78 0 0000 132 $T042 DC 8000 PT3 (100,E)
0079 0 0930 133 ST043 OC 2352 EN_ GAIN (100,E)
007a 0 0C1l 134 $T044 DC 3089 FUG GAIN (50 ,P)
0078 0 23B0 135 $1045 DC 9136 P15 GAIn (50 4P) .
007C 0 D610 136 STO46 DC -10736 PT3 GAIN (50 4+P)
0uU70 0 030B 137 $T047 DC 651 EP_GAIN"(50 ,P)
007E O 2400 138 STO48 OC 9216 FUG GAIN (TQ oP)
OVTF 0  FSEO 139 571049 DC -2592 P15 GAIN /70 4P)
0080 0 F200 140 $T050 DC -3584 PT3 GAIN (70 4P}
141 *
1642 x END HONEYWELL ST VALUES
143 *
144 * HWEN 1460
145 x FIGURELIQ=~12 1GV & BLEED CONTR HWE0.470
ouBl U 0000 146 ST051 OC 0 LOW N TRIM DF 1GV HWEO 1480
OUd2 0 3E&0 147 $T052 DC 16000 HIGH N TRIM OF1GV HWEQ | 490
0us3 0 0000 148 $T053 DC 0 LUW N TRIM DF BLEEDS HWED 1500
0UBs U 3EBO 149 $TQS4 DC 16000 HiGH N TRIM OF BLEEDS HWEQ 1510
150 * HWED1 520
151 x FIGURELO-14 NOZZLE CONTROL HWEO 1530
0UB5 0 105E 152 570%5 DC 4190 NOZZLE FLAT BENO1530
0UB6 O  40D8 153 57056 DC 16600 15 REQUEST _HWEO1550
OUBT7 0 4000 is% 1057 DC 16384 TS5 CONTROL GAIN HWEO 1560
0UEB O 0000 155 5T058 DC 0 HWEO L1570
0089 0 CO000 156 5T0S9 OC 0 HRWEO 1580
OUBA O 0000 157 571060 DC 0 HWED 1 590
T OUEB 0 06CC i58 5§T061 DC 1000 EP GAIN (70 »P) T
OUBC 0 0380 159 57062 DC 944 FUG GAIN (85 +P) : i
"T008D 0 OB90 160 §T063 DC 2960 PT5 GAIN (85 ,P)
OQBE 0 EFEQ 161 57064 DC 4128 PT3 GAIN (8BS ,P)
Ou8F 0 OAOD 162 1065 DC 3500 EP GAIN (B85 LP)
0U%0 0 16C0 163 5T066 DC 5824 FUG GAIN (1004P) .
0uU9l 0 090 164 STue? DC 2496 PTS GAIN (100,P)
0092 0 F4FQ 165 51068 OC -2832 PT3 GAIN (100,P) S
0U93 0 0DY6 . 366 STU69 DC =~ = 2400 EP GAIN (100.P)
00Y4 0 0000 167 STO70 DC 0

165




Table B-10. Glossary for Equilibriume-Temperature Control

— e
Standard Value
vT Tranaferred to
Number | (Program Label) Description B‘g‘ffi‘:’,;’r‘“ t:xem)
— —— =
009 an= Logic switch: If VT009 > 123 . 0
the Honeywell controller is in;
otherwise not
012 KEF11 Speed control gain associated {(-215 x 16)
with (N-N_. ) at 8250 rpm
pla
012 WEF1 Open-loop fuel-speed control 519 Ib/hr
at 8250 rpm
0i4 P3P1 Open-loop PT3~apeed control 2200 psi x 100
at 8250 rpm
015 KEF14 Speed control gain associated (27) x 186
with EN at 825 rpm
016 KE¥F21 Speed control gzin associated (-126) x 16
with (N-N_, ) at 11,560 rpm
pla
017 WEF2 Open-loop fuel-speed control 693 Ib/hr
at 11,550 rpm
018 P3P2 Open-loop PT3 - speed control 3550 psi x 10V
at 11,550 rpm
019 KEF24 Speed control gain associated (25) x 16
with EN at 11,550 rpm
020 KEF31 Speed control gain associated {-122) x 16
with (N-N_, ) at 14,025 rpm
pla
021 WEF3 Open-loop fuel-speed control at 934 i1b/hr
14,025 rpm
022 P3P3 Open-loop PT3-speed control at 5500 psi x 100
14,025 rpm
023 KEF34 Speed control gain associated (58) x 16
with EN at 14,025 rpm
026 - If this number is made large, g 14
Bendix bound on fuel will not be
in effect
028 - Logical switch: if VTO28 = 64 0
Honeywel) nozzle is used;
otherwise not




Table B-10, Glossary for Equilibrium-Temperature
T ~ntre! (Continued)

Standard Value
vT Tronsferrad to .
Description (Defined in the
Number | (Program Label) Bendix Program)

034 - Exhaust request: open 9640

035 ——- Exhaust request: closed 2650

036 ENK, Initial value of integral speed 1600

ENKL and limits valve
038 ETK, Iritial value of integral tempera- 25,600
ETKL ture and limiting valve

0389 -—— Logical switch:; VT089 = 18 16
initialize everything, VTO039 =
84 initializes EN and ET only

040 KEF41 Speed control gain associated (-246) x 18
with (N~-N_. ) at 16,500 rpm

) pla

041 WEF4 Open-loop fuel-speed control at 1648 lb/hr
16,500 rpm

042 P3pP4 Open-loop I’T'3-speed control at 8000 psi x 100
16,500 rpm

043 KEF44 Speed control gain associated (147) x 16
with EN at 16,500 rpm

044 KTF11 Temperature control gain - (557) x 16
(PT5-PT53) - at 8250 rpm

045 KTF12 Temperature-control gain - (-736) x 16
(PT3-PT30) - at 8250 rpm

046 KTF13 Temperature control gain - (=105) x 16
(T4WF - T4bd) at 8250 rpm

047 KTF14 Temperature control gain - ET (52) x 18
at 8250 rpm

048 WTF1 Open-loop fuel-temperature 651 1b/hr
control - at 8250 rpm

049 KTF21 Temperature control gain - (936) x 16
(PT5-PT50) at 11,550 rpm

050 KTF22 Temperature control gain ~ 24585
(PT3-PT3d) at 11,550 rpm

187

T TP e




Table B~10. Glossary for Equilibrium-Temperature
Control (Continued)

Standar: Value
Nu‘xrn'll‘:er ('ggru;rfgbt:l) Description - (Defined in the
Bendix Program)
081 KTF23 Temperature control gain - (-131) x 18
{T4WF-T40) at 11,550 rpm
082 KTF24 Temperature control gaiu - (65) x 16
ET at 11,550 rpm
063 WTF2 Open-loop fuel - temperature 100U )b /hr
: control at 11,550 rpm
064 KTF31 Temperature control gain = (=343) x 18
(PT5=-PT5d) at 14,025 rpm
085 KTF32 Temperature control gain - 4235
(PT3-PT3d) at 14,025 rpm
066 KTF33 Temperature control gain - (-87) » 16
(T4WF - T4D) at 14, 025 rpm
087 KTF34 Temperature control gain - (74) x 16
ET at 14,025 rpm
068 WTF3 Open-loop fuel - temperature 2000 Ib /hr
control at 14, 025 rpm
089 KTF41 Temperature control gain - 6127
(PT5-PT5%) at 16,500 rpm
071 ——— Fuel request - apeed control 0
1 count = 4 Ib/hr
073 vam F'uel request - temperature 0
control, 1 count = 4 Ib/hr
074 - Mode number 0
3276 = speed control
6552 = temperature control
9828 = minimum fuel control
J75 KTF42 Temperature control gain = ~-8338
(PT3-PT30) at 16,500 rpm
0768 KTF43 Temperature control gain - (-4) x 16
(TAWF-T4d)

ki, e ise i SRCRR
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Table B-10, Glossary for Equilibrium-Temperature
Control (Concluded)

vT
Number

Trensferred to

(Program Labeld

Description

Standard Value
(Defined in the
Bendix Program)

078
081
082
083
084
085
086
0817
088
089
180

WTF4
TB1
TB2
TB3
TB4
P5T1
P5T2
P5T3
P5T4

Nozzle fuel request
T4D at 8250 rpm
T4d at 11,550 rpm
T4d at 14, 025 rpm
T4Y at 16,500 rpm
PTS53 at 8250 rpm
PT50 at 11,550 rpm
PTS52 atl4, 025 rpm
PT52 at 16,500 rpm

Fuel request
3.25 counts = 1 Ib/hr

2400 lb/hr
10,200 °F x 10
9000 °F x 10
10,500 °F x 10
11,600 °F x 10
1480 psi x 100
1640 psi x 100
2050 psi x 100
2550 psi x 100

169
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Table B-11, Honeywell Control Program
/) 08 VDISK 17 JUL 76 15.584 HRS ) ) i
/7 DMP 17 JUL T4 15.585 HRS b
*DELETE HWECT e :
DMP FUNCT ION COMPLETED i
// ASM 17 JUL T4 15.586 HRS s
*OVERFLOW SECTORS 4449
*LIST
*XREF
.. XONEWORDINTEGERS .
*COMMON 1DUMY(127),1VT00, JOURY {127)1BTO,MEAST(64 ), IASCH(2)
0000 089850E3 1. ENT HWECT i HW5000 70
0000 0 0000 2 HWECT DC -z HWS00080 :
. 000X 0L 6DQO050A 3 STX L1 XRl+l . __. . HWS500090 ]
4 * HWS00 100 d
0003 00 65900000 5 __ _ _ LDX Ll O _ HWS00 110 4
0005 01 4C000007 6 B L TESTN HWS00120
7 ® } ) . HWS00 160
8 #INTERVAL CITERMINATION HW$00170
e I R, . . .__._ HWS0O01lBO0
0007 10 TESTN EQU & HWS00 190
_.._0007 0 €209 1l LD 2_vT039 ) .
0008 01 9400008C 12 3 L =le ;
ODOA 01 4C2000AD 13 BNZ MICK o o S o o
000C 0 D209 14 sto 2 vT039 :
0000 0 C2F4 15 LD 2 V1012 ¢
OOOF 0 1884 16 SRT 4
. ___0O00F 01 D4Q0ODF(C 17 _STQ L KEFJl = _ _ .
0011 0 C2F3 18 LD 2 vigia i
..__DQ12 Q1 D4D00100 . 19 . STO L MNWEF1 . - o e _ :
0014 0 GCZFz 20 LD 2 V1014
0015 01 D4DOOLOB _ 21 STo L. P3T1 .. :
0017 0 C2F1 22 LD 2 VIp15
. _0DO18 0 1884 23 SRI 4
£019 01 D&D"NOFF 24 STO L KEFl&
0018 0 C2F0 ... _ 25 _ . _. . LD 2 VIQle . - . e e C
DOLC O 1884 26 SRT &
001D 0] D4000135 27 S5TO_ L _KEF2l . . - oL
OCIF 0 C2EF 28 LD 2 V1017 4
0020 01 D40C0]139 29 ST0 L WEF2 T
0022 0 C2cE 30 LD 2 Viols :
.___0023 01 04000141 31 STo L P3T2 . R o B
0025 0 CZED 32 ) 2 vinil9
0026 0 1884 33 SRY e ) o B
0027 01 T40600136 34 BT0 L KEFZa
0029 0 C2EC 35 LD .2 V1020
0024 0 1884 36 SRT o
0028 0) Da000LEB 37 sTo L KEF31 B B .
0030 0 C2E8 38T T TTTTLD T2 vip21 )
~__DOZE 01 DB400016F 39 . S5TO_ L WEF3 o
: 0030 0 C26A° TR0 T T TTTUD T Z viog2z T
: 0031 0l D4000LT77 41 ST0 L P313
6033 0 CZE9 %2 Lo 2 V1023
. 0034 0 _ 1884 k3 . SR &4 e e
0035 01 D4OOOI6E 44 $To L KEF3e
0037 0 _C208 45 LD 2 ¥T040 B B
0038 0 1884 46 SRT 4
0039 01 D40001Al 47 STO L KEFsl ) L o
0o3s 0 €207 48 Lo 2 VTo&l
(003C 01 DGOODLAS 49 STO L WEF&4 =~ . .
003E 0 C2Dé 50 LD 2 vYo42

TR SRR T B T
o s e
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Table B-11,

Honeywell Contiol Program (Continued)

. 17 JUL_ T4 _ __PAGE 002
003F 01 D*0001AD 51 STO L P3ITs
0041 O C205 52 LD 2 VT0&4? . o e
0042 0 1884 T 8L SRT 4
D043 0l D4OOQLA&G 54 ST0 L KEF44 . e
0045 0 (2Da 55 LD Z VT044
0046 0 1884 56 SRT 4 _
0047 01 D4000103 57 STO L NTF11
_ 00+9 0 €203 58 LD 2 V7045 . R
004A O 1864 59 SRT 4
N 0048 91 D4000104 60 STO |. KIF12 .
004D 0 C2D2 61 LD 2 VT04(
DOSE O laes 62 : SRT &
004F 01 D4000105 63 STO L KTF13
005i 0 C2D1 64 LD 2 V1047 L
0052 0 1884 65 ERT 'y
0053 01 D400010& 66 STO L KTFl4 o
0055 0 €200 67 Lo 2 Vo048
G05¢_0) 04000107 68 ST L WTF1 _
0058 0 C2C 69 LD 2 VT049
0)59 0 1884 70 SRT 4 o
00%5A 01 oao—mac T €70 L KTFZ21
005C O 12 LD 2 V1050
““TBS‘GTFO'“OMISU 7 ST L KTFZ2z2
005F 0 C203 LD 2 vTo6l
T 000 0 T894 75 TTERY 4
0061 01 D4000)3E 76 STO L KTF23 o _
T C08% D (22 71 L0 2 V1062
0024 0 1884 SRT - & -
006% N1 D400013F 1' 3T L KTFa T
0067 0 €21 80 L.O_ 2 vT063
0088 01 "4000140 — o1 SID0 "L wWTF2
___Do6A D C2CO 82 Lo 2 _VT064 _
TSR0 THSE 3 SRT %
006C 01 D400OLT2 8% 370 L FTF3L e o
006 0 C2ZBF 85 LD T 2TvYoes T T T T
00&F 01 D4000173 86 STQ L KTF32
T o0TL D TZBE - LD 2 V1045
0012 0O 1884 a8 SRT &
TTUTTOUTNETDY DAGO0IYA T 89 T T STO T RTFI3 -
0075 0 €289 90 LD 2 VT067
TTTTOGTS 0 IBBe T UYL T T T UTRRY T T g T T s e e B
0077 01 D4000175 92 STO L KTF34
TTUTO0TY U CIBC 53 LD 2 VT0&8
007A Ol D40V01T6 94 STO L WTF3
PO c28B 95 "7 L0 2 vioe9
QOC /D O\ D4OOC1AS 9 STD L KTFa4l
ONTE 0 C/BS 97 Lo 2 VT01T8
0280 01 D4NOOLA9 98 $TO L KTF42
B B |- o BN of-) . YA - 1 - [ o A B b ¢ 2 -
0083 0 1884 100 SRT 4
T CO8a 0) D40001AA TTID1 STO L KTFa3
008h O C2B> 102 LD 2 VYo7
"00B7 0 1884 163 SRT 4
0088 01 D4000'AB 104 STO L KTrbs e
008BA 0 C2R2 195 LD 2 vVioa
088 01 D4u0JI1AC 106 STO L WYF&
00BO o1 C40u034LD 107 i L =0
171




Table B-11. Honeywell Control Program (Continued)
. S o e - 17 JuL 74 PAGE 003
00BF Ol D40004AC 108 STO L SWLAG
0091 0\ D4000287 109 ___STD L TIME ) )
0093 01 D4O001FD 110 STO L ISW
0095 0 C 2AE 111 Lo 2 V1082 I
0096 01 D400010A 112 $TO L 7B}
0)98 O_ C2AD 113 LD 2 y1083
0099 01 D4000143 1l& sT@ L T82
0098 0 C2AC 115 LD 2 V1084 e _
009C 01 D4000179 116 STO L 7B3
009E O C2AB 117 L0 2 V71085 _ o
009F 01 D4000OLAF 118 $7T0 L TB4
00Al O C24AA 119 LO 2 V1086
00A2 01 D4000109 120 STo L PST1
00A4 O C2A9 Ll L2 2 Y1087 — -
00AS D1 D4000142 122 ST L PsSt2
00A7 O C248 123 LD 2 V1088 _ R I
O0AE 01 D4000L78 124 $TO L P5T2
Q0AA O C2A7 125 LD 2 Y1089
QOAB 01 D4OCOL1AE 126 STO L P5T&
00AD 127 MICK EQU * L .
O0AD DO C2iE 128 LD 2 VT157 HWS00 200
O0AE 0 900F 129 .8 = 8250 e HNWS00210
OGAF 01 4C3000CL 130 8p TMAX HWS00220
00Bl 0 CO0D 13) Lo a1 HWS00230
0082 0 DOOB 132 $T0 NIN HWS00 240
0083 0 €O0OC o132 LD =128 e
0084 7 DOOA 134 STO Q1 HWS00 260
00B5 0 CO07 135 LD ) . HWS00270
6086 0 D003 136 (3{1] c2 HWS00 280
0087 01 4CO001li4 137 8 L__INLF HWS00 290
0089 0 0000 138 (3} oC Rax HWS00 130
00BA 0 0000 139 c2 0C e HWS00 140
00BB O 0000 140 NIN DC - HWS00150
141 LORG
00BC 0 0010 142 + oC 16
0080 _Q 0000 143+ nc 0
OOBE . <034 144« ot 8250
008F 0 0001 145  + oc 1 e
00C0 O 0080 146 + oc 128
__0ocl.0_co033 147 TMAX LD «16500 HWS00.300
00C2 0 921 148 s 2 VT157 HWS00 210
00C3 01 4C3000CD 149 BP TIN1 H¥W$00 320
T00CS 0 o030 150 LD =3 HWS00 330
__00C6 O  DOF# 151 ST0 NIN e HWS00 340
00C7 0 COFS 152 LD =0 HWS00 350
00C8 0O DOFO 153 STo. ¢l e HWS00 360
009 0 TOFe 154 (W] =128 -
COCA O DOEF 155 $T0 c2 HWS00 280
00CB 01 4C00D16B0 156 B L IN3F HWS00 390
00CD 0 C029 157  TINL LD  =l1550 et 2 e HWS00400
TOOCE 07 92l T T 1EE ’ 3 2 VTisY HWS00 410
OOCF Ol eC280008 159 BN TINZ HWS00 420
0061 0 ‘1889 " Tie0 T T SRY 9 o
0002 0 AB2S 161 ) %3300 HW500 440
00D3 O DOES 162 ST0 cl HWS00 450
00D4 @ COEB e o0 =128 .
0005 0 90E3 164 3 Ci HWS004T0
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) Table B-11. Honeywell Control Program (Continued)
e - 17 JUuL 74 PAGE 004
00D6 0 DOE3 165 sTO c2 HWS00480
. 00D7 O_ COE7 166 LD = HWS00 490
00D8 0 DOE2 167 570 NIN HWS$00500
00D9 01 4CDO0114 168 B L INIF HWS00510
oGDB 0 201D 169 TINZ LD 214025 HW500520
000C 0 921E 110 S 2 vT1sT . . HWS00 530
00DD 01 4C2800E9 171 BN TIN3 HWS00540
_ Q0DF 0 1889 oA SRT 9
60EG 0 TAB19 173 D 22475 HK 500560
00E1 0 DOD7 174 STO ci HWS00570
00EZ2 07 CODD 175 LD =128 :
__O0E3 0 90D5 176 S c1 ) ~ HWS00590
O0E4 0 " 0OD5 ~ ~ 1M T sTo c2 T 7 ’ HWS00600
O00E5 0 CO15 178 LD =2 HWS00610
OUEs 0 DOD% 179 STO NIN HWS00620
00E7 01 4CO00014A 180 B L IN2F HWSD0 630
00E9 0 COOB 181 TIN3 LD =16500 HWS00640
O00EA 0 921€ 182 s 2 VT157 HWS00650
OOEB 0 1889 183 SRT 9
O0EC 0 ABOD 184 D =2475 HW5006 70
OOED 0 DOCB 185 STO c1 HWS00 680
OOEE 0  COD1 186 LD =128
OOEF 0 90C9 187 5 c1 HWS00700
; _ OOFD O DOC9 188 _ STO . c2 L o HWS00 710
O0F1 0 CO004 189 LD =3 HWS00720
oo _ODF2 0 DOCS8. 190 570 NIN HWS00 730
OOF3 01 4C000180 191 ) L IN3F HWS00 740
e LORG HWS00 750 :
- O0F5 0 4074 193+ oC 16500 :
00F&6 0 0003 194 + o 3 o _
00F7T 0 2DI1E 155  + oe 11550 H
OOF8 0 OCE4 196+ 0C 3300 ;
00F9 0 36C9 157+ oc 14025 j
O0FA 0 09A8 198+ DC 2475 :
00FB 0 0002 199 + DC 2 .
200 * EQULIBRIUM FUEL FLOW 50 GAINS HWS00 760 ;
TTOOFCT0 A000 201 T T REFI1I ¢ T A= T T B e
O0FD 0 0000 202 KEFl2 OC 0 .
"O0FE 07 0000 T 203 KEF13 DC 0
O0FF N 0030 204 KEF14 DC -k
0Y00 00000 7 205 WEF1 DC g T
3 ._0l101 o OA91 = 206 _ P3EL DC = 2705 e . :
; 010270 0661 207 PSEl  OC 1633
g ) ) 208 % TEMPERATURE FUEL FLOW 50 GAINS HWSN0920
¢ 0103 0 QUOQ 209 KTF11 DC ey
! 0104 0 0000 210 KTF12 0C o
01050 o0CO 211 KTF13 DC =%
. L0106 0 0000 212  KTRl4 DC %=k e
TTOTOT 00600 T T T NI HWTF1~ DC =k
! 0108 0 0000 214 P3T1 NC e
0109 0 0000 215 P5TL  DC LBl
010A 0 0000 216 181 nC -
Ol10B 0  028A 217 WEMN1 DC 650
oloc 0 o001 218  BumPl DC ) .. ... ..HWS500980
. 010D 0 0000 219 $eTX1 OC 0 HWS00990
OLOE 0 0010 220 NGFT DC 16
O10F 0 0000 221 c11 oC ek HWS0 10 10
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e s e

AR e e T T ATy

TTE AT SUSTMNRE TERETRST

> TR A e

0110
01l
o112
o112
0113
0lls
0lle
0l1is
0117
0119
OllA
011c
011D
011F
0121
0122
0123
0125
0126
or27
0128
0129
0l28
o12¢
OléE
ol eF
0131
0133

0135
0136
0137
0138
0139
013A

0138

013C
0130
013E
013F
0140

0141 0

0142
0143
0144
014%
0146

0L48
0l48
0149
014A
0L &A
014C
014D
014F

01470

0 0000

0 0000
0000

o 0000

0 0000

01 C4000089

0 DOOF8

01 C400008A

0 DOFé

01 €C4000100

0 DOFé&4

01 65800111
01 C5C000FC

Q0 AQED

0 DBEF

01 C5000135
0 AOEA
O BB8ESB

0 1887

o] 1090

01 D5000406
0 COES

01 8400010C
0 DOE2

01 9400010€
01 4C28011D
01 4Co0018B1

0 0000

0 0000

0 0000

0 0000

0 0000

0 1109

0 0765

0 0000

0 0000

0 0000

0 0000

0. 0030

0" 0660

0 0000

0 0000

0 0472

0 0000

0 0000

0 0000
0000

0 0000

0 0000

01 C40000B9

o boFs

0l C400008A

0 DOF6

Table B-11,

Honeywell Control Program (Continued)

174

17T JUL T4 PAGE 005
222 c21  oC Bk HW$J 1020
222 TST1 DC ey e HWS01040
224 SUM1 BSS E ©
225 nc 1}
226 bl 0
221 __ INLF__EQU__ % HWS0 1050
228 Lo L C1 HWSD 10 60
229 570 c1} _HWS0107D
230 b L c2 HWS$01080
231 STO c21 _HWS5C 1090
232 LD L SETXL HYS01100 .
_ 233 . __SYo ___71sm1p HWS01110
234 LUPL LDX Il TST1 HWS01120
235 LD L1 KEF11 HWSO11 30
236 M cll HWS0 1140
237 STD SUM1 ) . R
238 Lb L1 KEF21 HWSO1170
239 M c21 L HWS011 80
240 AD SUM1
241 SRT 7 e
242 SLT 16
243 STO Li KEFN1 HWS01220.
2044 LD TSTL HWS01230
265 A L__BUMPL HWS0 1240
246 STD TSTL HWSG 1250
247 S L NGFY __.HWS01260 .
2648 BN LUPl HWS01270
249 B L FUELM o . el . .....HWS01280
250 ® EQUILIBRIUM FUEL FLOW 70 GAINS HWS01290
_..2581  __KEF21 DC il
252 KEF22 DC 0
253 KEF23 DC 0 e
254 KEF24 DC =
255 = WEF2 DC ex e
256 P3E2 DC 4361
257 PSE2  DC 18934
258 * TEMPERATURE FUEL FLOW 70 GAINS HWS0 1450
259 KTF21 DC n- o e o
260 KTF22 DC %
261  KTF23 OC L A e
262 KTE24 DC o —%
263  WIF2 0OC = *-» e
264 P3T2 ©C *-x
265 P5T2 nC N
266 182 oC ek
267 WFMNZ DC 1138
268 €12 oc L] HWS01510
269 C22 DC _ x-x e HWS01520
270 7572 DC % HWS01540
27 SUMZ BSS E O o
272 ne o}
273 oC 0
274 IN2F  EQU - HWS01550
215 Lo L €1 | - HW501560
276 $T0 cl12 HW501570
271 Lo L c2 HWS01580
278 AL cz2z HWS0 1590




Table B-11. Honeywell Control Program (Continued)

R . — e e _ 17 JUL_T4  _ PAGE 0C6
0150 01 €400010D 279 LD L SeETx1 HWS01600
0152 0 DOF4 280 ~_ S8To 1812 L ~ HWS01610
0153 01 65800147 281 LUP2 LDX 117 7ST2 HWS01620
0155 0} (5000135 282 = LD Li KEF2l __ e . .. .HWS501630
0157 0 AOED 283 M c12 HWSO 1640
0158 0 DBEF __284 _ STD  SuM2
0159 01 C5000168 285 Lo Ll KEF31 H'S01670
0158 0 AOEA = 286 Mm_ €22 _Husol680
015C 0 BBEB 287 AD SUM2
0150 0 1887 288 SR 7. L
OISE 0 1090 289 SLT 16
__D15F 01 DS000406 290 _STD L1 KEFNL HWS01720
0161 0 COES 291 LD TST2 HWS01730
0162 01 8400010C 292 . A _ L BuUMpr o HWSO1/40 _
0164 0 DOE2 293 sTD 572 HWS01750
0i65 Ol 9400010E 294 S ~L_NGFT _ _HWs01760
0167 01 4C286153 295 : BN BYTYE HWS01770
0159 01 4CO001BL 296 8 L__FUELM HWSO0 1760
297 » TEQUILIBRIUM FUEL FLOW 85 GAINS HWS01790
C.68 0 0000 = 293  KEF3l OC -+ _ R —
0i6€ 0 0000 299 KEF3Z 0C o
(16D 0 0000 300 KEF33 DC 0 _ _
016€ 07 60060 ™ ~ 301 T KEF34 DC T &=
_016F 0 0000 302 WEF3 DC sk
0170 ¢ 1811 303 P3E3 T OC 6161
0171 0 08C3 304  P5E3 DC 2243 _ o
305 » TEMPERATURE FUEL FLOW 85 GAINS HWS0 1950
0172 0 0000 306  KTF3L OC = %=«
0173 0 0000 307 KTF3Z2 DC "=k
0174 0_ 0000 308 KiF33 DC e
0175 0 0000 309 KTF34 OC =¥
_0l7 0 0000 310  WIF3 ©BC —t e S,
017770 0000 311 P37y ol -
0178 0 0000 312 P3T3_ 0C hannd - o
017976 0000 313 783 o€ .-
0174 0 0659 314 WFMN3 DC 1625
TTTOITR O 0000 E)8 - [+ % R /T [T 1IW502010
0L7C 0 0000 316 €23 oC et HWSO0 20 20
TOITD 00000 T T AT TUTETY DU U TSR HW502040
0L7€ 0V00 318 SUM3 BSS E O
T@ITE 00000 T T I T [s] N - - T
017F O 0000 320 ne 0
0180 171 TRF QU — W HWS02050
0180 01 C400008% 322 Ltb L €l HWS0 20 60
D182 0 DOFB 373 L3 1« T o8 - T “HWS0 2070
0183 Ol C40000B8A 324 Lo L C2 _HWS020 80
“0185 0 "DOF&6 7 u2s ST0 €23 T THWS02090
0186 01 €400010D 326 LD L SETxL HWS02100
T NI88 U NOF% 377 3T TST3 HWS02110
0189 01 6%80017D 328 LuP3 LDXx I1 TST3 HWS021 20
0188 0T C5000168 ~ 329 T 7 LD LY KEFRY T ettt /e HWS021 30
0180 0 AoED 330 M Cl13 . HWS021 40
018 O DBEF '~ 31T T 77 Tsvo SUM3 T
O018F Q1 CS0001A1 332 LD L1l KEF4l. HWS02170
0191 0 AOEA 333 ] t23 HWS02180
0192 0 BBEB 334 AD SUM3
0193 0 1887 334 SRT 7

i iy A e I <<l
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Table B-11,

Honeywell Control Program (Continued)

_ 17 UL 74 PAGE Q07
0194 0 1090 336 SLY 1s
0195 01 D5000406 337 STO L1 KEFNL ) . HWS02220
0197 0 COES 338 LD TST3 ' HWS02230
Cl198 01 8400010C 339 A L _BUMP] . e ———— e .. HHIS02240
019A 0 DOE2 340 $TO TST3 HW$0 2250
0198 01 9400010E 34l S L __NGET
019D 01 4C280189 342 BN LUP3 HWS0 2270
Ol9F 01 4C0001B1 343 B FUELM _ HWS02280
344 * EuUlLIBRlUH FUEL FLOW 100 GAINS HWS$02290
OlAl 0 0000 345 KEF4l ©C ®e=x e
0l1A2 0 0000 346 KEF42 DC 0
.. OlA3 0 Q000 ____ 347 9
01A4 0 0000 348 KEF44 DC =%
0lA5 0 0000 369 _WEF4 DC == =% e e
0146 0 277 350 P3E4 DC 10110
0lA7 0 OF94 351 PSE4  DC 3988 I R
352 * TEMPERATURE FUEL FLOW 100 GAINS HWSD 2450
_0lA8 0 0000 __ 333 KTE4] DC L S
01A9 C 0000 254 KTF42 DC *ax
OlAA O 0000 355 _ KIF43 DC  *-% . —
OlAB 0 0000 356 KTF44 DC =3
O0lAC 0 0000 357 WIF4 DC  x—x _ o L
01AD 0 0000 358 P3T4 OC =%
__OlAE 0 0000 . _.Aa%9 P5T4  DC =%
V1AF 0 000V 360 T84 DC -5
0180 0 0CB2 361 WFEMNG DC 3250 _ L
0181 362 FUELM EQU » HWS02510
o181 263 FTaW  EQU x e o B
0181 0 C29A 364 LD 2 V1102 LOAD PBX100
0182 0 9032 365 S =5850
0183 01 «£300iCD 366 BP NEXT
_01B5 0 €030 367 LD =1553 s e e
"0186 0 4030 368 M =100
0187 01 DCOOOMFR 369  __ STD L _TMPF __ _ . o
0189 0 C29A 370 LD 2 VTi02
_Ol1BA O A02D 371 M =6
"018B 01 BCOJOLF2 37z AD L TMPF
_0lBD O A82B . 373 D . =3400 R
01BF 01 D4DOO'FB  3T4 STO L K1THD
01C0 0 C29A - 1) TR ¥ | SO, & § { TS e e
01C1 O 4028 376 M =200
_ 0lC2 Ol DCOOOQLF2 377 STD L _TMPF - -
01C4 0 €026 378 LD =15100
01C5 0 AQ21 L3119 oM =lo0
01C6 01 9CO00LFZ 380 SO L TMPF
01C8 0 AB20 38l D _=3400
01C9 01 D4OOOLFC 2382 STO L TAU2T
01CB 01 4CO00LE3 383 B L _FTawC o )
TOICD0 TCO1E 384 NEXT LD =2202
OICE O AO1lA 385 M =100
OICF 01 DCOOOLF2 386 sTH L TMPF
0101 0 C29A 387 LD 2 vTi02
0lD2 0O ADlA 387 M =4
01D3 01 8CO001F2 389 AD L TMPE
0105 0 A818 390 D 24350
C1D6 01 D4OGOLFB 391 STO L K1THD
J)lD8 O (C29A 392 LD 2 vTio2
176
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Table B-11, Honeywell Control Program (Continued)

e o I, 174U 14 _PAGE 008
0iD9 O ADLS 393 =20
_OLlDA 01 DCOQNLE2 39+ $TD L VTMPF . __..__ . . ..
010C 0 CoO013 395 LD 5520
010D O A009 396 M =100
01DE 01 9CO0IIF2 397 SO L TMPF
Q0LEQ O ABOD 398 D__ __=®4350 e
01E1 01 D4DOOLIFC 399 SToO L TAu2T
OLE3 Ol 4COOO0LFE 400  FTaWC B L STP1
401 LORG
0LES 0 16DA 402  +_ _oC 5850
01E6 0 0611 403 + oC 1553
01E7 0 0064 406+ oc 00
0 0006 405 + oc 6
OLEY O OD48  ab6 + - DC 3400 _ )
GIEA 0 00C8 407 + 1] 200
OlEB 0 3AFC 408+ . bt 15100
01EC 0 089A 409 + DC 2202
__OlED O 0CO4 410 +  OC = 4 e e e e
01€E 0 10FE 411+ v 1o 435C
OIEF O 0014 412 + oc. 20
01F0 0 1590 413 4 oc 5520
01F2 0000  4l4 THPF BS55 € O
01F2 0 0000 415 h1d 0
01F3 0 0000 416 D L
01lF4 0000 417 XT4 BSS E O
__OlF4 00000 _ _ 418 oc 0 B
01FS 0 0000 419 oc 0
_O1F6 0000 420  XT4D BSS E O
OlF6 0 0000 421 hid 0
01F7 0 0000 422 [
OlF8 0000 423 XT401 BSS F O
OlF8 0 0000 _ k24 pC 0 )
01iF9"0 0000 425 DC 0
__OlFA G 0000 42 T4WF DC L 22 .
BIFE 0 0000 42T T RITHD'DC T k=TT T T T
0lFC O 0000 428 TAL2T DC Kat
—0000 %29 ISw 0T 0 : -
OLFE Ol C4000280 430 STPL LD L =1234
020070 J9O0FC T 31777 TS T 18 T )
0201 01 4C1B020E 432 82 STP2 o
0203 0 ODOFS 433 -3 1 I £ T
0204 01 C400008D 434 Lo L =0
0206 0 1890 %35 SRT i6
. 0207 0 OBEE = 436 STD XT40
0208 0 DBEF 437 STD xT4D1
0209 0 C29F 438 LD 2 VT097 .
020A 0 1890 43§ <Py 16
0208 0 DOES %40 5T0D XT4
020C O1 4CO00219 441 8 L STF3
020€ 01 C40000BD 442 STP2 LD L =0
" 92Alo O 1890 443 SRY 16
0211 0 C29F fodaind LD 2 V1087
0212 0 1890 445 SRY 16
06213 0 98E0 446 SO XT4 =
“u2l4 ¢ ASEe ok 0 KITHD
0215 ¢ AOD1 648 M =100
0216 O ABES “hs n Tau27Y

177




Table B-11, Honeywell Control Program (Continued)
e AT JuL 7% PAGE 009
0217 0 4069 %50 " )
02180 DGO __ _ 45] ST XVeD
0219 0 c8oc 452 5TP3  LDD XT4D s%% UPDATE D E ##4
92)A0 B8DD __ _ 453 __AD _  XTeDM ... . ... . _
0218 0O AB66 4“54 D =50
H L DT
021E O ABL4 456 =40
__QRIF O &B_ D V- M
0220 ¢ 8603 a58 xTa
0221 O _D8p2 459 st XT4 e
0222 0 0280 %60 sTo 2 vT080 #&% MOST SIGNIFICANYT PART
0223 0 1090 __ 46] SLT 1o OF XT4
0224 0 D2A6 462 ST0 2 vI090 LEAST SIGNIFICANT PART
0225 0 _C&DO 463 ___LDD _ XTeD , o
0226 0 0801 464 stp XT4D1 %25 CALCULATE TAWF s#x
0227 0 _A859 465 D =10 . S
0228 0 A0D3 466 " TAUZT
0226 O E8CA 467 AD XT4
022A 0 1090 468 SLT 16
0228 0 DOCE 469 STO _ TewE o L
022C 0 024C 470 STo "2 vi203
0220 0 €209 a7l L0 2 vI039 e _ unsg2%20
022E 0 9055 472 S =64 HWS02 530
_022F 0] 4( 300243 473 9__ — . hHWS02540
0231 0 0209 %74 STO 2 V1039
_ 0232 0_caog .75 AD 2 ¥Y¥03 e . . _. HWS02550
0233 0 DOSE &Te 570 ENK
0234 0] 4C100238 471 BNEC SENL .
0236 0 CO4E 478 LD )
0237 0 _9057 479 s EMK
0238 0 DOST &80 SENL SID ENKL ,
02390 _C2DB 48] LD 2 VYe3T .. HWS02570
0234 0 1864 482 SRT 3
0238 0 _DO5S 483 sT0 EpK . _ e
023C 01 4C10024G 487 BNN SEPL
023 O CO4b 485 LD 0
023F © 9051 T S EPK
0240 0 D051 487 SEPL__ST0 EPKL e
02410 CzDA %88 ib 7 \To3e HWS0 2590
0242 01 D4000293 489 STQ L ETK o . o
0244 01 4C100249 ~ 490 BNN SETL
0246 0 CO3E 491 LD 0
0247 01 94000293 492 T ETK
0249 01 D4000294 493  SETL 5T0 L ETKY o
0248 494 MOW9 T EQU * HWSC 2610
. 495« . HWS02620
496 HWS02630
497 » . ~ e HW$02 640
398 * HW50 2650
A o %99 % TMIS SECTION OF THE PROGRAM_ e e HMS02660
500 ~ 7% T WILL SET UP THE MEASUREMENT FEED=BACK HWS0 2670
i} w303 % VECTOR FOR TVHE THREE CONTROLLERS = _ HWS02680
502 L EQUIL IBP TUM, PRESSURE.TEHPERATURE HW502690
503 _ = H
504 s HW502710
) SO05_ ®__ AWS0D2720
506"~ # CALCULATE DERIVATIVES FAR ENEP ET HW302730




Table B-11. Honeywell Control Program (Continued)
S L7 JUL 74 PAGE 010
»
Tt T s07 T o T T T - HWS0 2 740
0248 0 C201 508 LD 2 vYl28 HWS02 750
024C 0 921€ 509 s 2 VT187 HWS02 760
0240 2 DO3A 510 sTO ENDK B _HWSQ2770 .
024E 01 Cal00412 511 tb .. P3TNB
0250 0 929A 512 S .. .2.yvie2 . o
0251 0 D038 513 sT0 EPDK HWS02 840
0252 01 C4000&414 Sl4 tb L TBBN _#xx CALCULATE ETDOT #*#x
0254 0 90AS 315 $ T4WF
0255 Ol D400028C 516 STQO L EVDK_ e e
0257 0 CO2F 517 Lo TIME HWS0 2900
0258 Ol 4200295 518 _  _ __ BNZ __  INTEG o _HW502910
0254 01 C400046A 519 LD L ONE
025C 0 D2B6 520 ST 2 V1074 o
0250 0 CO2A 521 Lo ENDK HW§02920
025E 0 DO2A 522 sTo ENDK1 o i HWS02930
025F 0 CO2A 523 LD EPDK HWS02940
0260 0 DO2A 524 _SYO __ EPDKL _ HWS02950
TT0261 0 To2A Y13 LD ETDRK HWS02960
0262 0 DO2A 526 sTO0 ETDK) HWS02970
0263 0 t20C 527 LD 2Vto3s T T T T T T T MW §02980
0264 0 DO2A s28 sTo ENK HWS02990
0245 01 40100269 529 “BNN ITENL . ‘— T
0267 0 CO1D 530 LD =0
TUbh2680 9026 0 B3R T TS UTTTTERK T -
¢ 0269 0 DO26 532 STENL STO _ENKLw ) B e
026A O C20D 533 LD 2 ¥v1037 HWS03010
0-68 0 1884 534 SRT & . - e e
' I 026C 0 D024 53§ $To EPK HWS03030
: _ 026D 01 4C10027) 536 BNN _STEPL
026F 0 CO15 537 Lo =0
, _2r0 0" 9020 0 538 8 EPK e
. 627170 0020 535 STEPL $T0 EPKL
,..0272 0 (20A 540 LU 2 vio3s e s __ HW503050
0273 G1 D« 000293 S&1 STO L ETK
0275 01 & i0027A 542 BNN STETL
6277 0 Toobh 543 o =0
0278 01 94000273  S44 S L ETK
“027A 01 D4D0029« 845  STETL STO U ETKL T T T T
027 0 Co09 546 . =] HWS030 80
0370 DO T T s4T “8TD T TIME T T T T T T T TS0 4690
U 18 QL 40000295 548 8 L INTEG
TS T TRy TTTTLORGTT T T — T . AWSGITio
0280 0 Q402 550  + oc 1234
02T 0 0N0A 551 + oc 10
0282 0 0032 552  + oC S0
0283 € 0028 - 553+ oC 49
0284 0 0040 554 ¢+ oC b4
BZBS QT O00O0 SES T+ DL 0 ST
0286 0 0901 556 + nC 1
S $57  SGENERATE EN EP ET - HWS03120
0247 0 0000 £58 TIME OL o
0388 ¢ 0006 555 ENOK OC *=5 HWS503140
0289 0 0000 560 ENDKL DC _ -s HWS03150
;- 0zZ8A 0 0500 561 EADK ~ OF =4 HWS0 3160
0283 0 0000 562 EPDKL 0C —a HWS031 70
5 0éBC U OLOO 563 ETDK DU .—x HWS0 3180
E 179

ok vt i s et n

- s i ot

O R




028p
02 8K
028F
0290
0291

0292

0293
0294

02 9%

0295
0296
0297
0298
0299
0294
0298
029¢C
0290
029F
02a1
02A2

0243
0245
0za7
02A9
0ZAA

02A8

07 AC
02AD
02 AE
0280
0282
0283

0284
0285
0287
0288
n2ZBA
02 BB
028C
02BE
028E
02 8F
02c0
02¢2
02€3
p2Ce
02C5
02C5
02C6
02C8
029

Table B-11. Honeywell Control Program (Continued)
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0 0000 564  ETOKL DC e HWS03190

0 000F 565 _ DT = OC_ . _ 15 e el ... ... _HWS03200 _

0 0000 566  ENK  DC s HWS03210

0 0000 567 _ENKL  0C ®ex . _HMS503220

0 0000 568 EPK  OC —s HWS0 3230

0._0000 _ . S69_ _EPKL DC % HWS03240

0 T0000 570 ETK  DC Py HWS0 3250

0 0000 571 ETKL DC e ... __ __HWS03260 _
572 * HWS0 3280
573 _ INTEG EQU % _ OO H —
5764 % CALCULATE EN HWS0 3300

0 COF2 _ _ 575 LD . _ ENOK

0 BOF2 576 A ENDK1

0 AOF6 577 L T ) e

0 1083 578 SLT 3

0  AB4F 579 . D . *375__ . o

0 80r4 580 A ENK HWS0 3400

0 DOF3 581 STQ_ ENK, HWS03410

0 c2B6 582 LD 2 V1074

01 9400046A 583 S L ONE o e

01 4C1802A3 584 BZ NM1

0 COE3 585 LD =0

0 DOEC 586 S70 ENK

. ____ 587 = - CALCULATE EP HWS03420

588 = CALCULATE ET HWS03510

01 C4000286C 589  NM1 LD L ETOK  _

01 84000280 590 A L ETOKL

01 A400028E 591 ML DT

0 1084 592 SLY 4 *x% SCALE FACTOR 16 #ax

0O AB3F 593 ) =1500

0 8OET 594 A ETK

C DOE6 595 STo . EBIK I - S -

0 C286 596 Lo 2 vro7s

01 94000468 597 S L TWO_ ____  _ e )

01 4C180284 598 8z NM2

0 CODZ __ 599 _ D =0

0 DODF 600 sTO ETK
60L % W ... . LIMLTS ON EN EP ET _ _ HWS03600

0 CODA 602 NM2 LD ENK

01 4L 2802BE 603 ___ BN omwl . HMIS0 3620

0 9008 604 s ENKL HWS0 3630

01 4C0802C5 605 BNP MN2 HW50 3640

0 cobs 606 LD ENKL HWS0 3650

0 DOD3 607 _sTo ENK _ HW$0 3660

0l 4C0002C5 608 8 L MW2 HWS03670
609 MWl  EQU . HWS03680

o CoDo 610 Lo ENK HW503690

0 80D0 __ elL__ _ A ENKL . __ HWS03700

01 %C3003Cs 612 BP MW2 HWS03710

0 coc2 613 Lo =0 HWS03720

0 90CC 614 s ENKL HWS03730

0 DOCA 615 STD ENK HNS03740
6l6  MWZ  EQU * HWS03750

o cocB 617 L0 EPK. | HWS03760

01 4C2802CF 618 BN MW3 HWS03770

0 90C9 619 3 EPKL HWS03780

G! 4CCB8206 620 BNP M4 HWS03790
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. Table B-11. Honeywell Control Program (Continued)
S S 17 UL 74 PAGE 012
’
02CB 0 COCH 621 LD EPKL HWS03800
. 92¢CC O 0OOCAH . 622 570 EPK L i . . . HWS503810
02CD 01 4C0002D6 623 8 L HW4 HWS03820
_02CF_ 624  MN¥3 EQU * ) HWS03830
02CF 0 CoOCl 625 LD EPK HWS03840
0200 0 80CY 620 A _EPKL_ . _.  _ ___ . __.__. _____ .. . HWS0D3850
02D1 01 4C300206 627 ap [ HWS03860
0203 0" COBL 628 LD 20 : HWS03870
0204 0 908D 629 S EPKL W 353860
__02D5 0 DOBB 630 _ _STO EPK ) o o HWS03890
02D 631 MW4 ~ EQU * HWSD 3900
02D6 0 COBC 632 L0 ETK__ o HWSD03910
0207 01 4C2BO2EO0 633 BN MuW5 HWS03920
_.02D9 0O _90BA 634 s _ ETKL o _ o HWS0 3930
020A 01 4COA02EB 635 BNP MW6 HWS0 3940
. 020C O COBYT = 636 LD ETKL HWS03950
0200 0 0OB5 637 sTD ETK HWS0 3960
02DE Ol 4CO002ER 638 B L MWe o i HWS03970
02EO 639 MW5  EQU * HWS03980
02€0 0 (CO0B2 640 LD ETK HWS03990
02E1 0 8082 641 A ETKL HWS04000
02E2 01 4C3002EB 642 BpP MW6 HWS040 10
02E4 0 COAO 643 Lo =0 HWS04020
02ES5 O 90AE b44 S ETKL e Mieee i .. .__ HWSQ4030 _
02E6 O DOAC 645 STO ETK HW 5040 40
: Q2E7 01 4CO002EB 646 B L M6 ) HW$040 50
647 LORG HWS040 60
02€9 0 0177 648 + DC 375
. 02CA 0 0507 649 + oc 1500
: 650 * . . ... AGE DERIVATIVES == HWS04070
C2EB 651 MW6  EQU * HWS04080
_. 02E8 01 €4000288  ¢52 LD L ENDK HWS$04090
0280 01 D4000289 653 STO L ENDK1 HNS0 %100
02EF 01 C400028A 654 LD L EPDK HWS04110
02F1 01 D4000Z8BE 655 STO L EPDK1 N HWS504120
0273 01 C400028C 656 LD L ETDK HWS041 30
68T T 77 8T8 T ETDKT T T T T T T T T T T HWSD 4L 40
658 * HWS041 50
) . - . 659 = 7 INTER/OLATE FOR PT3 AND PTS HWS04160
660 * ) AS A FUNCTION OF PLA ) HWS504170
B 72 A Y $ | ‘PLA  EQU * TemoTmo T ) ’
~ 02F7 0 CO66 662 Lo ONRL)L . ____ . Huspelso
02F8 0 9201 663 s 2°VT12e HWS04190
02F9 01 4C280309 664 BN MOW) HWS04200
02FB 01 C&000101 465 LD L P3EL HWS0 4210
02FD 91 D4000408 666 STO L P3PL HWS04220
) O02FF 01 C4000102 667 L0 L PSEL HWS0 4230
| ..0301 01 D4QO04OC 668 ~ ~  STO L _PSPL o HWSD4240
; 6303 01 C4000100 689 L0 UTWEFT - HWS0 4250
0305 01 DADO040A 670 STO L WEEN HWS0 42 60
0307 01 4CO0003A7 671 B L MDW6 HWS0 4270
0309 0 057 672 MDW1 LD NPL& HWS0 42 80
0304 0 9201 673 S 2 vTl2a HWS0 %290
0308 01 4C300318 674 6P  MOW2 = HWSD4300
. 030D 01 C40001A6 675 LD L P3te HWS04310
030F 01 D40O0040B 676 STD L P3PL HWS04320

0311 01 C40QO1A7 617 L0 L PSE4 HR S0 4330




Table B-11.

Honeywell Control Program (Continued)

1T JUL 74 PAGE 013

0313 Ol D40004AOC 678 STO L P5PL HWS0 4340
. _.0315 0] C40001A5 6719 LD I MEFs .~ HHS04350
0317 Ol D4DO04OA 680 STO L WEFN HWS0 4360
0319 01 4CO003A7 681 B _ L MOM& .. HNSD4AT
0318 01 C400035F 682 MDNZ LD L NPL2 HWSO 4380
1 683 S 2 ¥MT128 HMSO &
031E 01 4C28033E 684 BN MON3 HWSO 4400
9 _ 685 SRT. 9 i
0321 0 ABiA 686 ) =3300 HWSO 4420
0322 0 DO3F 687 ST cXl __HMS04430
0323 0 CO19 688 LD =128
0324 0 - 903D 689 S cxl HMSO0 44 50
0325 0 DO3D 690 sT0 cx2 HY S0 4460
0326 01 C4000101 _ 691 L0 "t _ P3EL . 4470 _
0328 0 D038 692 STD PaL HWS0 4480
0329 01 C400013A 693 LDt P3E2 HW30 4690
0328 0 0039 654 STO P3N HWS$04500
032C 0) C4000102 695 LD L PSEL HWS0 4510
032E 0 0037 696 STO P5L HWS04520
032F 01 C4000138 697 L0t PSE2 HKS04530
0331 0 0035 638 STO P5M HWSO 4540
0332 0] C4000100 699 LD _ L MEF) ... HMSD4550
0334 01 D4000368 700 STO L WEFL HW50 4560
0 139 701 LD L WEF2
0338 01 D4000369 702 STO L WEFM HWS0 4580
___033A 0; 4C000388 703 6 L MDWS HWS04590 .
704 LORG HH504600
. 033C_ 0 _OCE4 705+ nC 3300 e .
€330 ¢ 0080 706 nC 128
_033E 0 €021 707 ___MDW3 LD NPL3 _HWS04610
0335 0 9201 708 S 2 vT128 HN504620
___0340 0] 4C28036C 709 BN MDY HHS0 4630
0342 0 1689 710 SRT 9
0343 0 A862 711 ) =2475 HWS04650
0344 0 DO1D 712 sT0 cxl HNS0 4660
0345 0 COF7 713 LD =128
0346 0 9018 T4 3 txl HWSO 4680
0347 0 DO1B 75 570 cx2 HWS04690
0348 01 CADO013A 716 LD U P3E2 HNSOATOO
034A 0 D019 717 570 P3L HN504710
0348 01 C400017® 718 LD L P3E3 HWSO&720
034D 0 0017 719 STQ P3N HWS04730
034E O1 C4000138 720 0 L PSE2 HWS0 4740
0350 0 DO1S 721 sTO PsL HUS04750
0351 OL CA000171 722 LD L P5E3 HWS04760
0353 0 DO13 723 sT0 k5SH HWS04T70
0354 OL C4000139 724 L0 U WEF2 HWS04T80
0356 01 D40C0368 725 5T0 L WEFL HHS0 4790
0358 01 C400016F 726 LD L WEF3 HWSO0 4800
__035A 01 D4000369 727 STO L WEFM o HWS04810
035C 01 «C000388 728 B L MOWS HWS0 4820
___035E 0 2034 729 NPLL _ DC 8250 _ o _HWS04830
035F 0 201E 730 NPL2  DC 11550 HWS0+840
0360 0 36CY 731 NPL3 _ DC 14025 HWS0 4850
0361 0 4074 732 NPL4  DC 16500 HW504 860
U362 0 0000 733 CXl__DC __e-e _ _HWS04870
0363 0 0000 73« €x2  DC " HWS04 880
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Table B-11. Honeywell Control Program (Continued)
e LT UL 74 PAGE Gla _
0344 0 0000 735" P3L° DC *—2 HWS0 489D
(0365 G 0000 736 __ P3N __DC A HW304900
0366 0 0000 37 PSL  DC % HWS04910
L0367 0 _0000 0 738 2 PSM DC 0 s—» . e el ... HW504920
0368 0 0000 739 WEFL DC % HWSO0 4940
0359 0 000D 140 WEFM  DC s e HWS04950
036A 0000 T4l SUNX BSS E O
026A Q_0000 = 742 = OC __O S _
0368 0 0000 743 bt o
_.036C 0 COF4 744  MOW4 LD NPL& et e e e HWS504960
036D 0 9201 745 S 2 V7128 HWS0 4970
___036E O_ 1889 746 SRT )
036F 0 AB36 747 D 22415 HWS0 4990
0370 0 DOFLl = 748 S10 _exl - HWS05000
03710 Cocs 749 LD =128
0372 0 90FF 750 S__ . Lkx .. _ HwWs0S020
0373 0 DOEF %1 sTo Cxz HWS050 30
0374 01 C4000170 752 LD L P3E3 HHWS$0 50 40
0376 0 DOED 753 370 CET HWSO0 50 50
0377 01 C40001A6 754 , LD L P3E4 ) ) o HWSG5060
0379 0 DOEB 188 T SYO O pIW Tt o T T T T T THWSOS0 70
037A 01 C4000171 756 LD L PSE3 HWS05080
TO3TCTe T DOEY T TRTT T T 3%0T T PsL TTTTT T T HW505090
037D C1 C40001A7 758 L0 L PSE4 _ HWS05]100
O3TF 0 [OET 759 STO P5H - HWS05110
, - 0380 01 C400016F 760 LD L WEF3 o _HWS05120
0382 01 D400036H "To6l STO L wEFL T T T/ o HWS05130
0384 01 C40001A5 762 =~ LD L WEF4 e e .. ... MHWS05140
* 0386 01 D4000369 %3 STO L WEFM ’ HWS051 50
0388 0 CoDB 764 MDNW5 LD P3L e HWS051 60
0389 0 AODS T ™ cxl HWS05170
. 038BA 0 D8DF = 766 STD _ SuMx e — .
038€ 0 COD9 %7 LD N HWSP 5200
,.038C 0 AODe T8 000020 M CXx2 e . HW505210
038D 0 880C 769 AD SUMX
03BE 0 1887 770 SRT 7 o o
038F 0 1090 71 SLT 16
0390 0 DOTA 772 STO0 P3PL . o HWI15250
0391 0 CobA T T T o B - 1 - HWS 5260
0392 0 AOCF 774 M cxl ___HWS0S270
0393 0 DBO6  TTYS T U UTUURYO T T {UMN T T T o oo e e e
0394 0 COD2 776 LD P5M HWS05300
0395 0 AOCD ki H tx2 HWSH5310 ]
0396 0 B8D3 778 AD SUMX ]
0397 0 1887 T B -1:3 AU ) ’ ;
0398 0 1990 780 SLT 16
! 0399 0 DOT2 181 sTO psPL S HWSC 5350 ;
; 039A 01 C4000368 782 LD L WEFL HWS0 5360 o
4 TOIW T ACY 7873 ™ CX1 TTTHRWS053T0 3
039D 0 DBCC 784 5TO SUMX
039E 0 COCA 7 188 LD WEFM S ’ | HWS05400
039F 0 AOGC3 786 M cx2 HW505410 .
. 03A0 0 B8LY 787 “AD sumx T ' ’ i
¥ ~ _03A1 01887 788 SRT 7 o :
¢ 0347 0 1690 789 SLY 16 ¢
% 03A3 0 D066 790 $TO WEEN HWS0 5450 i
< 03A4 01 4CO0O3AT 791 ) L MDXS HW30 5460 ;
4
: ' !
& i
! ;
a3
ot 183
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Table B-11.

Honeywell Control Program (Continued)
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17 JUL 74 PAGE 015
792 LORG HWS05470
03A6 O 0948 793+ DC. 2475 e i T
03A7 794 MDWé  EQU * HMS05510
03A7 0] C400040C 795 LD L. PSPL ... . . } _HWS05520.
0349 0 0223 796 sTo 2 vTlez HWS0 5530
. -.03AA 0] C400N40B 797 Lo L.__P3PL HWS0 5540
03AC 0 D224 798 STD 2 V7133 MWS05550
03AD 01 C400028F 799 L0 L ENX . . HWS05560
O3AF 0 D2&5 800 STO 2 Vilea HWS05570
0380 01 C&00040A 801 LO. L _WEFN e _HWS505580
0382 0 D226 802 STD 2 V1165 HW505590
__ 0383 D) C40U0406 _ 8O3 LD ___L_KEFN] HHS05600
0385 0 D227 804 STO0 2 viles HWS05610
0386 01 C4000407 805 LD . L _KEFNZ . . HUS05620
0388 0 D228 806 STO 2 vT1e7 HWS05630
0389 01 4000411 807 LD L WTFN. _ ) ]
0388 D D229 808 STO 2 V7168 HWS0 5650
_ 03BC 01 C4000409 _ 809 LD L KEFN4 H
038E 0 D22A 810 STO 2 Y1169 HWS0 5670
03BF 01 C4000413 811 WD, L PSTNB L
03C1 0 D228 812 STO 2 vT170 HWS0 5690
03C2 01 C4000412 813 LD L P3TNB
03C4 0 D22C 814 sTQ 2 vI171 HWS0ST1C
03C5 01 €4000293 _ 815 Lo L ETX __
03C7 0 D220 816 3Ta0 2 vT172 HWS0 5730
03C8 01 C4000400 817 LD L KTENL
03CA 0 D22E 818 sto 2 vi173 HWS05750
03CB 01 C400040E 819 LD L KTFN2
03CD 0 D22F 820 STo 2 vil74 HWS0 5770
___O3CE 01 C400040F 821 LD _ L KTEN3
03D0 0 D230 832 ST 2 vT115 HWS50 5790
03D1 01 (4000410 823 LD L _KTFN& o
03D3 0 D231 824 STo 2’ vilve HWSO 5810
0304 01 C4000414 825 ~ LD L TBBN i
0306 0 D248 826 sTo 2 V1202
i B2T_ ® . __HW505480
828 * CALCULATE X~XO FOR EQUILTBRIUM PRESSURE HWS0 5490
829 »_ o  HW505500
0307 830 MEPT EQU *
0307 0 C21E a3l Lo 2 VT157 HWSO S 820
0308 0 9201 832 5 2 viiza HWS0 5830
03090 D024 833 . STO_ MEL . ... _ HWS05840
030A 0 " D245 834 sto 2 vT196
0308 0 C294 835 Lo 2 V7108 HWS0 5850
03DC 01 9400040C  B36 5 L PSPL HWS0 5880
03DE 0 D020 837 STo ME2 HWS0 5890
03DF 0 D246 838 STo 2 V1197
_ 03600 C29A 83 w0 _2vie2 _ ... MWS05900
03E1 01 94000408 B40 S 1 P3pL PWS0 5930
03€3 0 DOIL B4l STo ME3 HWS0 5940
03E4 O D247 842 STO 2 vT198
03E5 01 C400028F 843 LD L ENK HW$0 5950
03E7 @ DO19 Baa s1a ME& HWS0 5960
o B4S  * L HWS05970
228 0 €294 846 LD 2 vT108
03E9 01 94000413  B47 S L PSTNB
G388 01 D40QQ402 1%} STy L MT1




Table B-11,

Honeywell Control Program (Ccatinued)

ﬁ _— [ O A ] V1 Wy £ . PAGE. 016
4 —_— e - e — e e —— - e e et e+ e -
s 03ED0 0 C29A 849 LD 2 V1102
M . O3EE 01 94000412 850 . S__ L P3aINB . . e
} G3F0 01 D4000403  85) STO L MT2
: _03F2 0 D248 852 STO .2 VT199_ e
03F3 01 C4000)IFA 853 LD L Ta4wF
0355 0) 94000414 854 S __L__TBBN e e
03F7 0 DOOC 855 STO MT3
03F8 0 D249 856 sT0 2 vv200
03F9 01 C4000293 857 LD L ETK
03FB 0 D009 858 81D MT4 _ B -
03FC 01 4C000417 869 B L FREQE HWS06100
03FE 0 0000 860 MEl  DC %-~x i HW506110
TT03FF 0 0000 861 ME2 0OC =% HWS06120
0400 0 0000 862 _ ME3  DC ek B ) HWS06130
0401 0 0000 863 ME4  OC =% HWS0 6140
. 0402 0 0000 864  MTl OC_ bl
0403 0 0000 865 MTZ2 DC "%
0404 0 0000 866 _ MT3 DG ke e o i}
0405 0 0000 867 = M14 DC e
D406 0 0000 868  KEFNL DC k=t HWS06190
0407 0 0000 869 KEFN2 DC w—rk HWS06200
0408 0 1000 _ . a70 KEFN3 DC - HWS06210
0409 0 vNOO 871 KEFN4 DC . HWS06220
040A 0 0000 872 WEFN DC = =% e __HWSD6230
. 0408 0 0000 873 P3PL DC e - HWS06240
_040C O 0002 = 874  PSPL ,OC ek HWS06250
040D O 0000 875 KTFN1 DC -
. __Q40E 0 0000 __B76  KTFN2 DC -
040F 0 0000~ 877 KTFN3 DC L
0410 0 0000 878 KTEN4 DC = -
Dell 0 0000 879 WTEN DC = HWS06330
0432 0 0000 880  P3TNB OC ek . i
TT0al? 66600 881 P5TNB DC ot
0414 O 0000 882 TLHBN DG P HWS06370
TTRIS0T 0000 T BE3 T vEMNN DG LT
0416 0 0000 884 SUMEF DC e HWS06380
B R HWS0 6390
L1 * AT THIS POINT THE FUEL FLOW REQUEST IS ~ _HWS06400
T T T ERY T T TR COMPUTED FOR THE THREE CONTROLLERS T T "HWS06410
- 888+ %1E EQUILIBRIUM,PRESSURE,AND TEMPERATURE HW506420
CTTTT T a8 ® AND A SELECT LOW BETERMINS WHICH CONTROLLER HW50 6430
890 * WILL BE USED _ o HWS06440
0417 891 FREQE EQU * HWS06450
0417 01 C4000406 892 L0 L KEFN1 HWS0 6460
0419 0 TADEY 893 M MEL HWS0 6470
0414°C 1087 _ B94 &8
0418 0 D24a 895 STO 2 VT201
V41C 0 DOFY 896 STD SUMEF HWS0 6490
0410 01 C4000407 B97 LD LU KEFNZ HWS06500
041F O AODF 898 M ME2 MWS06510
" 0420 0 APLB 899 D =100
0421 0 1889 900 SRT 9
042270 T8LFIT T T 901 A SUMEF HWS06530
0423 0 DOF2 902 ___s70 SUMEF N HWS06540
N 0424 01 C4000408 903 7LD L T KEEN3 HWST 6550
0426 0 AOD9 904 M ME3 HWS J6560
04270 ABll 905 [v] =100

§
g
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Table B-11, Honeywell Control Program (Continued)
e i )T UL T4 PAGE Q17
0428 0 1889 906 SRT 9
. 0429 0 8QEC . 907 . A _SUNEE_ . .. .. HHs0658y.
1 042A O DUEB 908 $T0 SUMEF HWS0 6590
% 0428 01 C4000409 .. 909 . LD L KEFNG . . , , HHS0 6600
- 0420 0 AOD3 910 M ME4 HW50 6610
; Q42F QG 1084 911 SLT &
042F 0 D24D 912 STO 2 V7204
0430 0 80ES. . __ 913 ~A_  __SUMEE _ . . e _HWS06630
0431 0 DOE4 914 $TO SUMEF HWS0 6650
' 0432 01 C400040A 915 _.LD L _WEFN . _HWSQ66T0.
©f 0436 0 1882 916 SRY 2
0435 0 BOEO 917 A SUMEE _HWS06700..
3 0436 0 DODF 918 33 SUMEF HWS06720
g _0437 01 _4C000438 _ 919 B L _FREQP_ L L .. . . MWSO06770
- 920 LORG HWS0 6780
4 _ 0439 00064 921+ DC MO0
3 043A 0 0000 922 SUMPF DC e HWS0 6790
"} 0438 923 FREQP EQU * HWS06800
0438 0 C003 928 LD «32700 HWSO 7160
3 . 043C 0 DOFD 925 ___STO __ SUMPF_ . I HNSO 7570
8 043D 01 4C00044Y 926 8 L FREQT HW307120
). . T 3 S LORG . .. __ 'MS07130
2 043F 0 7FBC 928" + (1] 32700
04%0 0 Q000 929 SUMTF_DC A% HWS0 7140
O4dl 930 FREQT EQU * HWSO 7150
_044] 0] C4000400 931 LD L KIFNL . e
3 0443 01 A4000402 932 M L NTL
k 445 0 ABF3 933 @ . D =100 _ e s e
046 0 1889 934 SRT 9
0447 0 DOF8 _93% $T0 SUMTF -
0448 01 CA0004OE 936 LD L KTFN2
044A D1 A4000403 937 M L MT2 e
3 044C 0 ABEC 938 D =100
044D O 1889 939 SRT 9 e
- 044E 0 D24E 940 §ST0 2 V1205
3 044F O BOFO 941 A SUNTF o
s 0450 0 DOEF %2 570 SUMTF
0451 U1’ C400040F 943 LC L KTEN3 . o o
0453 01 AAD00#04 G4 ] L m13
0455 0 AB13 945 D =10 e
: 04856 0 1889 46 SRY §
0457 0 D24F 947 STO 2 V1206
0458 0 GOET S48 A SUMTE
4 0459 0 DOE6 949 $T0 SUMTF _ o
045A 01 C4000410 950 LD L KTFN& -
 045C 01 A4000405 951 M L MT4 e
G4SE 0 1083 952 SLT 3
045F 0 D250 953 STO 2 vi207
; 0450 O BODF 954 A SUMTF
_ 0461 0_ DODE 955 __.5T0 SUMTF —
4 0462 01 C4000411 956 L0 L WTEN
0464 0 1682 = 957  _ SRT 2 S, _ § .
P 0465 0 B8ODA 958 A SUMTF
0466 0 DODY 959 570 SUMTF
0467 01 4CO0046E 960 B L MOSWT HWSC 7180
: i o236 AORG . L - HWS07190
0469 G 000A 962 e ()4 10
136
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] - Table B-11, Honeywe:l Contrcl Program (Contimied)
3 B — B AT JUL T4 PAGE 018
o46A 0 ocEC 963 @t T OC T 3% T HWS0 7200
3 046B 0 1998 Y64 Twd DC 6552 .. . _Hws07210
046C O - 2664 965 THREE DC 9824 HWS0 7220
3 0467 0 0000 966 WEMOD DC =k ) e HWSO 17 30
046E 97 MDSWY EQU = HWSO 72
046E 01 C4000416 968 o .. LD L SUMEF _ — HWSy »
0470 0 D289 969 STO 2 ¥To71 HWS0 7260
0471 01 C400043A 970 LD L SUMPF o _ HW307270
0473 0 D2B8 971 $TO 2 V1072 HWSO0 7280
0474 01 C400044L 932 LD L SUMTF S ) _ HWs07290
0476 0 D237 973 STO 2 VT072 HWSQ 7300
064770 B2B8 = _ _974. JCMP_ 2 NYOT2 ... _HWSQ7310
047870 C2B8 375 LD 2 VTot2 HWS0 7320
0479 0 1000 976 NOP o L o HWS0 7330
047A 0 DOF2 977 $T0 WEMDD HW50 7340
0478 0 B2B9 978 CMP 2 vTOT o _ HWS0 7350
047C 0 C2B9 979 LO 2 VT0T1 HNSO 7360
0470 0 1000 980  NOP ———— i ___ __HusD/370
047E 0 D235 981 3§70 2 V1180 HWSD 7380
0+ 7F 01 4(28048A 982 BN MINFL o 3 )
0481 01 A4000505 943 M Lo=13 7 T : " HWS0 6990
0483 0 1090 984 SLT 16 B  HNWSOT00O
0484 0 D235 T 985 ) $T0 2 vTiso T T -
; 0485 0 €235 986 LD 2 VT180 .
: 0486 01 94000415 987 — T T TSTTTL WFMNN T T . -
* 0488 01 4C1004BD 988 BNN MINSS A _ .
048A 01 C4000415 989 MINFL LD L WFMNN
048C 0 D235 990 S§TO 2 vTleo . L
. 0480 991 MINSS E£QuU * ’
048D 0 C23% 992 LO 2 vriso HW$0 7390
04BE 0 1890 993 SRT 16
_048F 0 ABTS 994 R al3 e
0490 0 9289 995 5 TEVTeIL HWS0 7400
0491 01 4C 200497 996 ~_ BNZ MIKEL o _HWS0 7410
0493 0 COD& 997 T Lo "7 T oNe T " HWS0 7420
0494 0 D286 998 STO 2 vIn74 HWS0T430
0495 01 % COU0AAD T 599 ) L ROATB HWS0 7440
0497 0 (233 2000 MIKEL LD 2 VT180 ) } _ HWS07450
0498 0 1t90 ~ 1001 T 7 T &RT TThe T T T ommrmommommmmonw — '
0499 0 AB58 1002 D al3 ) o
045A 0 9287 1603 s 2 Vio73: = T HWS0 7460
0498 01 4C2004A1 1004 BNZ MIKE2 HWS5D 7470
0450 0 COCH T TT0OS T T T LD WO “’ T HWS0 7480
049E 0 (0286 1006 STO 2 VI074 HWS0 7490
1 049F 01 4C0004AD 1007 B L RQAI®R 7 ’ i "7 'HWS0 7500
¥ 04Al1 0 COCA 1008 MIKE2 LD THREE HWS07510
04A2 0 D2B6 1009 $T0 2 vfo7a - " HWS0 7520
04A3 01 4C0004AD 1010 8 L RQAlB HWSO 7530
: ¢ “O4A% 00031 1011 T TRKLAGD OC 49 - T
o 04A6 0 OOILF 1012 K1NUM DC 31
2 04AT 0 0009 © 1013 K2NUM DC 9
P D4AE 0 0000 1014 YNM1 DC e
: : 04A9 0 0000 U 1015  TTuNML  BC L E )
g : D4AA 0000 1016 TEMF BSS E O e
N 04AA 0 0000 1017 DC 0
’ 04AR 0 0000 1018 v] 0
% : 04AC O 0000 1019 SWLAG DC *~%
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17 JUL 74 PAGE 019
04AD 1020 RQAIBR EQU * HWSO 1540
04AD 01 C40004AC 102} LD L__SWLAG_ L o o
04AF 01 4C20048C 1022 BNZ FILT
0481 01 C40D0506 1023 _ _ LD L. =123%_ . . o . ) L
04B3 01 D&DOD4AC 1024 STO L SWLAG
04B5 0 C235 1025 LD 241180
0486 01 DeDO04AB 1026 STO L YNML
0488 01 D40004A9 1027 STO L UNMYl
04BA 0) 4C0GU4D6 1028 B L DONDZ
048C 01 C40004A9 1029 _ FILT LD L_UNMY _ . I
04BE 01 A40004AT 103C 7] L  K2NUM
. 04C0 01 _DCOQO4AA 1031 . STD_ L TEMF
0402 0 C235 1032 \.D 2 VTi80
04C3 01 D40004A9 1033 STO. L _uUNMY .
04C5 01 A40004A7 1034 M L K2ZNUM
04C7 01 8CO0004AA 1035 . AD L TEMF _ e
0409 D01 DCOOU4AA 1036 STD L TEMF
04CB 01 _C40004A8 1037 LD 1L YNM)
04CD 01 A40004A6 1036 M L  KINUM
04CF 01 BCOD04AA 1039 AD L O TEMF L i
04D1 01 ACO004AS 1040 [} L KLAGD
04D3 01 D40004A8 1041  ~  5T0 I YNM1 ) o o
04D5 0 D235 1042 ST 2 VTlE0
04D6 )43 DONOZ _EQU *
04D6 0 €286 1044 Lo 2 V1074
04D7 01 9400046A 1045 - L ONE o 3
04D9 01 4C2004E0 1046 BNZ GTL0
0408 0 C201 1047 Lo 2 viizs L
04DC 01 D4000507 1048 STO L NAB
_04DE 01 4CON04E3 1049 B L_ CALAB
04E0 0 C21E 1050 6T10 LD 2 VT157
04El Ol D4000507 105L ~~ STO L NA8 _ el
04E3 01 C4000507 1052 CALAS LD L NAB
04E5 Ol 940000F9 1053 S L ml4025 ) o - )
04E7 01 4C1004E0 1054 BNN GT11
04E9 0 C2DE 1055 LD 2 V1034
G4EA D D2AF 1056 ST0O 2 VvTO08l
04EB 0L 4C000509 1057 =~ B L CONT . _
04ED 01 940000FA 1058 GT11 S L =2475
O4EF Ol 4C2B04F5 1089 BN __  GTM2
04F1 0 C20D 1060 LD 2 V1035
04F2_ 0 D2AF 1061 $TO 2 vI081 e
04, 3 01 4C000509 1062 B L CONT
04F5 0 C2DE 1063 GT12 LD 2 VvT034 )
04F6 0 920D 1064 S - 2 V71035
04F7 01 D40005038 1065 STO L _ANOIN
04F9 01 C40000F5 1066 LD L 216500
04FB 01 96000507 1067 5 L NAB e e
‘04FD 01 A%4000508 1068 M € ANOIN
04FF 01 ACOOOOFA 1069 D L =275
0501 0 820D 1670 A 2 V1035
0502 0 D2AF 1071 STO 2 V1081
0503 01 4C000509 1072 B L CONT
. L.y LORG o e _ e e
0505 0 Q00D 1074+ DeC 13
€506 0 0078 1075  + oC 123
0507 0 0000 1076 NAB  DC L
188

Table BE-11. Honeywell Control Program (Continued)




Table B-11.

Honeywell Control Program (Continued)

0508 0 0000 1077 ANOZN DC
_.05%% _ . _ 10718 CONT  EQU
0509 00 65000000 1079 XR1  LDX
_.0508 01 4C8000Q0 1080 3sC
FFB9 1081 vTO71 EQU
Fres 1082  vIu72 EQU
FFB7 1082 vi073 EQuU
___FFBs 1084 VTO7+ ECQU
FFAF 1085 vT081 EfU
FFAE 1086 V1082 EQU
FFAD 1087 V1083 EQU
001E 1088 YT157 EOU _
0035 1089 VT180 EQU
_0001 .. lo%0 viias EQU
FF9A 991 VT10? EQU
___FF94 1692 vT108 EQU
FF9F 1093 VT097 EQU
FFOC _ . 10%  VT036 EQU
FFDB 1095 V7037 EQU
FFDA 1096  VT038 EQU
FFD9 1097 V1039 EQU
0023 _ 1098 vTle2 EQU
0024 1099 Viie2 EQU
0025 1100 . VTlé64 EQU
0026 1101 VTie5 EQU
_.0027 .- l102 VTl66 EQU
0028 1103 VT167 EQU
0029 1104 vTl68 EQU
0024 1105 vTl69 EQU
0028 1106 VILTO0 FQU
002¢C 1107 VT171 EQU
0020 1108 VTLl72 EQU
TTO0ZE T T T T'I109 0 vTLITA RQU
002F 1110 vTlT74 EQU
0050 11 VTL75 EQU
vwo3l 1112 vT1l75 EQU
O04F - TTI13 ~V¥T206 EQU
0050 1114 vT207 EQU
TTO0RS T T TTINE vT1946 BQU
0046 11i6 vT197 £QuU
0oe? 1117 vT198 EQU
0048 1118  VT199 EQU
0049 (119 V7200 EQu
0044 1120 vT201 EQU
0048 1121 vT202 EQU
0040 1122 vT203 EQU
0040 1123 vT204 EQU
004E 11264 vT205 EQU.
FFFa 1125 V1012 tQu
FFF3 1126 vT0l13 EQU
FFF2 1127 V1014 EQU
FFF1 1128 vT015 EQU
EFFO 1129 viols EQU
__FFEF 1130 V1017 EQU
FFEE 1131 vTo18 EQU
FF:D 1132 vTO19 E£QU
FFLC 1133 VT020 EQU

189

17 JuL 74 PAGE Q20
-k
* - HWS0 7700
- HWS0 7710
HWECT HWS0 7720
-7 HWS0 7730
=72 e e e . WSO TT4O
-73 HWSO 7750
-74 HWS0 7760
-8l HWSN 7770
-82 HWS0 7780
-83 HWS0 7790
+30 . - .. _._Hws507800
+53 HWS0 7817
+1 HWS0 7822
~102 HWS0 780
-108 HWS0 7840
-97 HWS0 7850
=36 HWS0 7860
-37 HW.,078"y
-38 HWS0 7880
-39 HWS0 7890
+35 H¥S0 7900
+36 HWSC 7910
+37 . ~ - HW30 7920
+38 HWS0 7930
+39 11WS0 7940
+40 HWS0 7950
+41 HWS0 7960
Y. HWS0 7970
+43 - - e ... HW507980
b4 HWS0 7990
+45 HWS08006
*Ht HWS0B8010
*a7 HWS080 20
+48 HWS0B8030
+649 HWS08040
g e R BRA
+80
+69
+70
+71
+72 e e
*73
+74
+75
+76
+77
R e
-12
-13
~14
-15
=16
Z17 . e
-18
~19
-20

4
H
&

- s,

L g mr e



Ei e W i<t FivEi 5 F e e P i S BTN Sy S ¥ T R (31 o
b
%
2
~ |
-
S
£
Table B-11., Honeywell Control Program (Concluded)
______ 17 _JUL 74 PAGE 021
: FFEB 1134 vT021 EQU -21
" ' FEEA 1135 V1022 EQU =22
: : FFE9 1136 vT023 EQU ~23
FFD8 1137 V1040 EQU -40
T3 FFDT 1138 VT04! EQU ~41
__FFD& —1129 _ VvI042 FQU - e - .
FEFDS 1140 V1043 EQU -43
_EFL4%. 1141 . VI044 EQU . =44 .
EFD3 1142 ¥T045 EQU 45
_FED2 . _ 1143 VY046 EQU .. =46
v FFD1 1144 VIn47 EQU =47
FEDO 1145 . VT048 EQU =48 [,
FFCF 1146 41049 EQU ~49
LEFCE 1142 Y1050 EQU_ _  --50 L
FFC3 1148 V1061 EQU =61
_FPC2 . 1149 VY062 EQU  -62 -
; FFC1 1150 V1063 EQU -63
\ 3 FFCO 1151 V1064 EQU -64 T
e FFBF 1152 VT0&65 EQU Y3
] _FFBE  _ _ 1153 V1066 EQU _ -66 _ -
FFRD 1154 V1067 EQU -67
_FFBC_ 1155 _ VT06B EQU. _ -68 _
3 FFBB 115¢ V1069 EQU -69
FEDE 1157 V7024 EQU - 34 _
=) 1158 vi035 EQU -35
_fFBS 1159 VIOT5 EQU ___ -1 - R .
FFB4 1160 vi076 EQU -16
» __EFB3_ . _ 116} ___¥YYQIT EQU ___-77 . . :
b FFB2 1162 vi078 EQU -78 ;
FEAC 1162 YI0f4 EQU “8d _ e .
; FrFAB 1164 vT085 EQU -85 :
& 7% _FFAA 1165 _ V1086 EQU ____-86 . o |
FFAQ 1186 V1087 EQU -87 ;
R FFAS _1167_ VT088 EQU __ _-B8 S
+ FFAT 1168 VT089 EGU -89
§ FFB1 1169 vI079 EQU =79 ~
FFBO 1170 viG80 EQU -80
. b FFA6 1171 v1090 EQU -90 L o
; 050€E 1172 END
o 3 000 ERRORIS) AND OCO WARNING(S) IN ABOVE SEMBLY.
k!
-
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Table B-12, Honeywell Control Progiam Cross Reference

SYMBOL  VALUE REL DEFN REFERENCES=

ALQIN 0508 1 1077 10654  1U68R
HUMPYL 010C 1 218 245k Z92R 339R
CALAL 04E3 1 1052 10498
CUNT 0509 1 1078 1057R  1C62R 1072R
Xl 0362 1 133 687H  BHYR 7128 TiaR T4 8K 750R 76 5R T7aR T83R
cx2 0363 1 T34 690M TIsM 71 768R 7T T86R
[} 0089 1 138 1 36M 153m 162M 164R 1744 176R 185 18R 2288 7274k 3778
cil 010F 1 221 229N 236R
cl2 0145 1 268 276M  283R
ci3 oL78 ) 315 323M 330R
c2 00BA 1 139 1 36H 155M 165M 177 .BYM  230R 27Tk 3. 6R
c2y 0110 1 222 231M  239R
c22 ol46 1 269 2784 286R
c23 017¢ 1 31+ 325M 333R
DONMZ 04D6 1 1u63 10 28R
T 028E 1 565 455R 577R  591R
£NDK 0248 1 559 S10M  SZIR 575R 652R
ENUK 0289 1 560 S27¢  ST6R  653M
EWK 028F 1 566 4%56M  4T9R  528BM  S31R  S580R  SBIM  SR6M  602R  &NTM  BLOR  615M T99R
64 3R
ENKL 0290 1 567 +HOM 532M 604K 60BR  611IR  614R
€ PDK 0284 i 561 13K 523R AS4K
EPDK1 0288 1 562 524M  655M
F PK 029t 1 568 483 4B6R  535M 38R 61TR  622M  625R  63UM
EPKL 0292 1 56¢ 4BTM  539M  Al9R  B21R  626R  629R
. FTOK 028¢ 1 565 516M 525R  S5B9R 656K
ETLKL 0280 1 564 526M  590R  657M
ETK 0293 i 570 489M  @92R L b44R  594R 595M  H00M  632R 63TM  640R  64SM H15R
857R
. ETKL 0294 L 571 493M  545M  634R 636R  641R 644R
FILT 06BC 1 1029 1022R
F REQE 0417 1 891 859R
FREQP 0438 1 9235 9158
FREOT 044l 1 9:-0 926k
FT4aW o018l 1 363
FTW 03E3 1 400 3838
FUELM 0181 1 362 249R 296R 343R
G710 04ED L 1050 10468
6T11 04ED 1 1058 10548
G6T12 04F5 1 1063 1059M
HWECT 0000 1 2 1R lugor
TASCW FEBF  C-CO.MON
1810 FFOO C~-COMMON
10UMY FFFF  C~CUMMON
INTEG 0295 1 573 518R 54 8R
INLE 0114 1 2217 137R 16RR
INZF Olen ) 274 180R
IN3F 0180 | 321 156R 191R
1] 01FD 1 429 110M  «31R 633
1V100 FF30  C-COMMON
JOUMY FFTF C=COMMCN
KEFNL 0406 1 864 243N £90M  337M B03R  B92R
E KE FN2 0407 1 869 B8OSR ¥9 7R
1 KEFN3 0608 1 870 QO 3R
k- KE FN& 0409 1 871 80O9R 909/
3 KEF 11 o0"C 1 201 17M  235R
2 KEF12 OuFD 1 202
KEF13 OUFE 1 203
: KEF14 GOFF 1 204 24M




Table B-12, Honeywell Control Program Cross Reference

(Continued) ‘
SYMBOL VALUE REL DEFN REFERENCES— ;
KEF21 0135 1 251 27 238R  2H2R '
KEF22 0136 252
KEF23 0i37 1 753
KEF24 0138 1 254 34M
KEF31 O0leB 1 298 37M  285R  329R
KEF32 016C L 299
KEF33 0leb 1 300
KEF34 0l6E 301 44M
KEF&1 01A1 1 345 47T 332R
KEF42 01AZ 1 346
KEF43 01A3 1 347 .
KEF&& 01A% 1 348 54M i
KLAGD 04a5 1 1011 1040R
KTFN1 040D 1 875 817R  931R
KTFN2 040E 1 876 819R  936R
K TFN3 040F 1 877 821R  943R
KT FN& 0410 1 878 823R  950R )
KTF11 0103 1 209 57# !
KTF12 0104 1 210 60M
KTFi3 0105 1 211 63M
KTFl4 0106 1 212 66M
KTF21 013C 1 259 71M
KTF22 0130 1 260 73M i
KTF23 013 1 261 76M .
KTF24 013F 1 262 79M !
KTF3L 0172 1 303 B4M ‘
KTF32 0173 1 307 86M
KTF33 0174 1 308 89N
KTF34 0175 1 309 92M
KTF41 olag 1 353 96m
KTF&42 0149 1 35 984 -
L KTF43 - 01AA 1 355 101M
KTFas o1Ae 1 356 104k
K INUM 04A6 1 101 1038R
K1THO 01FB ) %27 374 391M  44TR
K 2NUM 04A7 1 1013 1030R  1034R
LUPL 011D 1 234 248M
LLP? 0153 1 281 295M
"""" [ T 0189 Y T AZET T Mmoo T T
MDSWY 046E 1 967 960R
MDW1 0309 1 672 £64M
MOW2 0318 1 682 674R
MDW3 033 1 =~ 707 T esaM |
MDW4 036C 1 144 094 |
CMDWS 0388 1 764 703R ~ 728R |
MOW6 03A7 1 794 CB7IR  681R  T91R :
MDW9 0248 1 494 4 73R |
MCAST "FEFF  C=CUm®MOHN
MEPT 0307 1 330
MEl =~ G3FE 1 B60  B33M 893R |
TTOME2 TO3FF 1 461 B37M T 898R 1
ME3 0400 1 B2 B41M  904R |
ME4 0401 1 863 B44M  910R |
MICK 02AD 1 127 13R
MIKE1 0497 1 1000 996R
_MIKE2  D4A1 1 1008 1004R_
MINFU T 048A7 1 989 982M
MINSS 048D 1 991 988R
MT1 0402 1 BL4 B4BM  922R
192




Table B-12, Honeywell Control Program Cross Reference
. (Continued)
SYMBOL VALUE REL _ DEFN REFERENCES—-
NT2 0403 1 865 851M 937R
__MT3 0404 1 866 __855M  946R o . o
rT & 0408 1 867 858M 951R
MWl 02BE 1 609 603M
M2 0205 1 616 605k  608R  612R
W3 02CF 1 624 618M
Mu& 0206 1 631 620R  623R  627R
_MWS 2 02€0 1 @ 639 @ 633IM___ __ . ____ ___. N [
[T 0263 1 651 635R  63BR  642R  646R
NAB  _ 0507 .} 1076_. 1048M 1051M 1052R 1067R
NE XT oD 1 384 366R
__NGFYT  _OLOE 1 . 220 267 294R  341R
NIN 0088 1 140 132M  151M  167M 179  190M
_NML _ 0RQA3 |} _ 5B9 . BBAR__ . L o i e
NM2 0284 1 602 598R
ONPL1 0356 1 729 662R
NPL2 035F | 730 6B2R
__NPL3 0360 1 731 707
NPL& 0361 1 732 6T2R  T44R
ONE 046A_ 1 963 _ SI9R _ 583R __997R 10458 _ __ — .~
PLA V2FT 1 661
_P3E1 0101 1 206 665R  691R
P3E2 013A 1 256 693R  TleR
P3E3 0170 1 303 718R  752R
PIE4 niAe 1 350 67TSR  754R
P3L 0364 1 735 _692M _ TLTM  T53M___ T64R  _ _
P3M 0365 1 736 6944  TIOM  735M . T6TR
__P3PL 0408 1 873 666M  6T6M  TT2M 797R  B840R
P3TNB 0el2 1 880 511R  B8l13R  850R
P3ATL 0108 1 214 21M
P3T2 014l 1 264 31M
P3T3 01771 311 41M )
P3T4 01AD 1 358 SiM
PSE1 G102 1 207 667R  695R
PSE2 0138 1 257 69TR  T20R
PSE3 0171 1 304 722R  756R
PSES 01A7 1 35] &77R  758R
PSL 0306 1 737 A96M  T21M  T5TM 7T3R
PSM 0367 1 738 €98M 7231 T59M 7T6R
: PSPL 060C 1 874 66BM  6T8BM  TBIM  795R  B36R
) T P5TNE 0413 1 881 811R 84 TR
P5T1 0109 1 215 120M
PST2 0142 1 265 122M
__P5T3 0178 1} 312  124M
TP5T4  O1AE 1 359 126M
" RQAIB 04AD 1 1020 999R 1007R 1010R
; TSENL 0238 1 480 477R
SEPL 0240 1 487 484R
SETL 0249 1 93 490R
_SETX1 _ 010D 1 219 2328 279R 326R
STENL 02691 532 529R
_STEPL 0271 1 539 £36R
4 STETL 0278 1 545 542R
3 _ STP1 OlFE 1 430 400R
K sTP2 020 1 442 432R
_STP3 0219 1 “52 44 1R
- 18 SUMEF 0415 1 B84 896M  YO1R  902M  GYOTR  90BM  9L3P  Gl4M  9ITR  918M  G9E8R
. SUMPF 0434 1 922 9254  970R
S "*' SUMTF 0440 1 9273 935M 94 1R Qhz2M 94 8R 96 9M 954R $55M 95RR 954M 972R
b
3
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Table B-12. Honeywell Ccntrol Program Cross Reference

{Contimued) .

i SYMBOL VALUE REL DEFN  REFERENCES- , i ;

; SUMX 036A 1 741 T66M 7691 775N TTBR T84M Ta7R f

{ SUM1 o112 1 224 23TM  240R i

: SUM2 0148 1 271 284 25TR

: SuM3 017 1 318 3314 334R o ) |

; SWLAG p4AC 1 1019 108M 1021R  1024M i
TAUZT 01FC 1 428 382M 3994  449R  4E6R ] i
TBBN 0414 1 832 514R B25R R54R !
Tl 010A 1 216 112M e ;
T82 01643 265 11lemM !
TE3 0179 1 513 116M :
T4 0lAF 1 360 118M . ;
TEMF 04AA 1 ° 1016 1031M JU35R 1036M 1039R !
TESTN 0007 1 10 6R
THREE 046C 1 965 L008R ) o B o i
TIME 0287 1 558 1094 51 547M
TINL 00Ch 1 157 149R
rIN2 0008 1 169 159M
TIN3 00E9 1 181 171M
TMAX cocl 1 147 130R
TMPF OlF2 1 414 369M  372R 0 37TM 3B0R  3B6M  389R  394M  39TR
TSTL vl o1 223 233M  234R 244R  246M ]
TST2 0147 1 270 2°0M  281R  291R 2934 !
TST3 0170 1 317 32TM 328R 338R  340M i
Tw) 0468 1 964 597R 1005R o i
T4 Wk OlFA 1 426 489M  S515R 853R '
UNM1 04A9 ! 1015 10274 1029R 1033#M B o .
viol2 FFF4 0 1125 15R
vT013 FFF3 © 1